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FOREWORD 


This  report,  which  describes  the  Torque-Tension  Relationships  of 
Screw  Thread  Fasteners  for  Aircraft,  and  the  methods  used  to 
obtain  these  relationships,  was  prepared  by  Asch  Equipment  Company 
of  Dayton,  Ohio,  Order  No.  P-1227. 

This  program  was  performed  under  Contract  No.  AF  33(6l6)-2808, 
Project  No.  1318,  Task  No.  I3W1,  for  the  Special  Projects  Branch 
WCIEJ-3  of  the  Aircraft  Laboratory,  Wright  Air  Development  Center, 
Mr.  A.  B.  Nutt,  Branch  Chief,  Mr.  J.  W,  Evans,  Section  Chief  and 
Mr.  F.  A.  Hannon,  Project  Engineer. 

Work  on  this  project  was  begun  on  January  28,  1955  and  was  com¬ 
pleted  June  21,  1957. 
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ABSTRACT 


This  report  describes  the  work  done  and  the  results  obtained  during  a  pro-  ' 
gram  to  determine  the  relationship  between  the  torque  required  to  tighten  var¬ 
ious  types  of  aircraft  bolts  and  screws  and  the  tensile  stress  induced  in  the 
root  area  of  these  bolts  and  screws  by  this  torque. 

The  torque-tension  relationship  was  investigated  for  successive  tightenings 
to  high  tensile  stress  levels  from  the  head  and  nut,  with  and  without  lubrication. 

The  bolts  upon  which  tests  were  performed  were  the  MS-20, OOU  to  MS-20, 02l* 
series  (li;  sizes),  the  AN-3C  to  AN-20C  series  (13  sizes),  and  the  AN-5 09- oR 
to  AN-509-9l6R  series  flat  head  screw's  (8  sizes). 

For  conditions  of  dry  torquing  the  "torque-tension  relationship  was  found 
to  be  a  function  of  many  variables;  among  which  were: 

1.  The  type  of  metal,  hardness  and  surface  finish  of  the  plates  being  bolted. 

2.  The  amount  of  clearance  in  the  hole  drilled  to  accommodate  the  bolt, 

3.  The  type  of  metal,  hardness  and  plated  or  unplated  condition  of  the 
bolts  and  nuts. 

k.  The  geometry  and  surface  finish  of  the  head  and  nut  bearing  surfaces. 

5.  The  number  of  successive  tightenings. 

Lubricated  condition  torquing  produces  average  torque-tension  relation¬ 
ships  which  do  not  vary  appreciably  over  repeated  tcrquings  to  the  high  tensile 
stress  levels. 

The  above  listed  variables  do  not  play  as  important  a  role  in  the  case  of 
lubricated  torquing. 

The  increase  in  torque  value  for  the  dry  condition  for  successive  tighten¬ 
ings  to  the  same  stress  level  is  due  principally  to  two  factors: 

l.  Galling  of  the  head  or  nut  seating  surfaces. 

2.  Galling  of  the  threads  between  the  nut  and  bolt.  • 

Preliminary  tests  indicate . that  yl  accounts  for  a  considerably  greater 
percentage  of  the  increase  in  torque  values  than  does  thread  galling,  which 
suggests  a  method  of  partially  lubricated  torquing. 

PUBLICATION  REVIEW 


The  publication  of  this  report  does  not  constitute  approval  by  the  Air 
Force  of  the  findings  or  conclusions  herein.  It  is  published  only  for  the 


exchange  and  stimulation  of  ideas. 
FOR  THE  COMANDER: 
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SECTION  I 


INTRODUCTION 

> 

PURPOSE  The  purpose  of  this  contract  is  to  determine  the  relation¬ 

ship  between  torque  required  to  tighten  various  types  of  air¬ 
craft  bolts  and  screws,  and  the  tensile  stress  induced  in  the 
root  area  of  these  bolts  and  screws  by  this  torque.  - 

TEST  The  relationship  was  investigated  for  repeated  torquings 

CONDITIONS 

from  the  head,  and  from  the  nut,  with  and  without  lubrication. 
Hardness  and  surface  finish  tests  were  also  made  for  compari¬ 
son  purposes. 

BOLTS  All  sizes  in  the  MS-20, 00^  to  MS-20.02U  series,  the  AN-509- 

TESTED 

8R  to  AN-£09-916r  series  and  the  AN-3C  to  AN-20C  series  were  tested 

with  suitable  nuts.  All  nuts  and  bolts  used  were  purchased  in  the 

open  market  with  the  exception  of  a  limited  number  of  nuts  furnished 

by  two  aircraft  manufacturers  for  comparison  purposes. 

TEST  The  tests  were  performed  on  a  special  testing  machine  designed 

EQUIPMENT 

and  built  for  the  purpose,  and  capable  of  producing  indications  of 
torque  and  tension  simultaneously. 


Manuscript  released  by  the  author  June,  1957  for  publication  as  a  'WADC  Tech¬ 
nical  Report. 
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SECTION  II 


BOLTS 

TESTED 


SPECIMEN 

U3ENTIFI' 

CATION 
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Tests 

SPECIMENS 

( 

were  performed  on  the  following  bolts  and  nuts: 

Sizes 

Bolt 

Nut 

III 

MS-20, 00U  to  MS-20, 02U 

EB 

6 

MS-20,009  to  MS-20,018 

J4.2  Ffo" 

8 

AN-509-8R  to  AN-509-916R 

AN-365 

3 

An-509- 8R  to  AN-509-lil6R 

NMJ 

9 

AN-3C  to  AN-12C 

AN-363-C 

h 

AN-lliC  to  AN-20C 

AN-310-C 

Tables 

1,  2  and  3,  lists  the  sizes  tested  and 

the  coded 

designations. 

✓ 

The  specimens  used  for  the  torque  tension  tests  were  iden¬ 
tified  by  a  code  comprised  of  letters  and  digits  indicating  the 
following  s 

The  first  letter  or  letters  designate  the  size  of  the  bolt 
and  the  type  as  noted  in  Tables  1,  2  and  3. 

The  second  digit  indicates  the  specimen  number.  Five  spec¬ 
imens  were  used  for  each  condition  of  test. 

The  third  letter  is  either  PI  or  N  indicating  whether  the 
specimen  was  torqued  from  the  head  or  from  the  nut. 

When  lubrication  was  used  in  testing  the  specimen,  a  fourth 
letter  L  was  added  to  the  code  designation. 

/. 

For  example,  the  specimen  E-3-N-L  is  the  third  specimen  of 
the  MS-20,008  bolt  group  and  was  torqued  from  the  nut  after  the 
application  of  lubricant  to  the  threads  and  to  both  the  nut  and  head 


2 


seating  surfaces. 

During  the  course  of  the  test  program,  several  sizes  of  nuts 
which  were  supplied  by  Lockheed  Aircraft  Corporation  and  by  Boeing 
Airplane  Company  were  tested.  These  nuts  were  used  with  bolts 
F,  G,  H,  I,  J  and  K  in  the  MS-20,009  to  MS-20,018  series.  These 
have  been  further  identified  in  the  "Test  Data"  sheets  by  the 
letter  A  for  the  nuts  supplied  by  Lockheed  and  the  letter  B  for 
the  nuts  supplied  by  Boeing.  This  letter  appears  before  the 
specimen  number. 

Appendix  I  contains  the  dimensional  details  of  the  bolts 
and  nuts  used.  Figure  1.  shows  the  various  types  of  specimens 
used. 
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SECTION  III 


TORQUE - 
TENSION 
TESTS 


HARDNESS 

TESTS 


TESTS  AO  EQUIPMENT 

In  order  to  test  the  bolt  torque -tension  relationship,  a  special 
testing  machine  was  designed  and  built.  This  testing  machine  incor- 

.  I 

porates  a  motorized  drive  for  torquing  the  bolts.  See  Fig.  2. 

Tension  measurements  were  made  by  compressing  calibrated 
strain  gage  load  cells  with  the  bolts.  Four  sizes  of  load  cells 
were  used  for  the  complete  range  of  bolt  tension.  Calibration  of 
the  compression,  cells  was  performed  on  a  Tinius-Olsen  Compression 
Tester,  with  a  capacity  of  200,000  lbs.  Fig.  3  shows  the  com¬ 
pression  cells. 

Torsion  measurements  were  made  on  calibrated  torsion  load  cells. 
Four  sizes  were  used  for  the  complete  range  of  torsion.  Calibra¬ 
tion  of  the  torsion  cells  was  performed  on  a  Tinius-Olsen  Torsion 
Tester,  with  a  capacity  of  60,000  in.  lbs.  Fig.  It  shows  the  tor¬ 
sion  cells. 

Bolt  tension  and  torsion  measurements  were  read  directly  from 
Asch  Equipment  Company  self  balancing  type  strain  indicators. 

See  Fig.  2. 

The  test  set  up  for  the  different  types  of  bolts  are  shown  in 
Fig.  5,  6  and  7. 

Hardness  tests  were  made  on  several  specimens  from  each  type 
and  for  each  size  of  the  bolts  and  nuts,  and  also  on  representative 
spacer  blocks.  These  were  made  on  a  Rockwell  Hardness  Tester. 

The  spacer  blocks  were  countersunk  to  allow  clearance  for  the 
fillets  under  the  heads  of  the  MS-20,  OOlj.  to  MS-20, 02ij.  series  bolts. 
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SURFACE 

FINISH 

TESTS 


and  the  AN-3C  to  AN-20C  series  bolts,  and  also-for  the  flat  head_s  of 
the  AN-509-SR  to  AN-509 -9 l6R  series  screws.  Contours  are  shown  on  the 
“Test  Data"  sheets  in  Appendix  III.  The  spacer  blocks  used  with  the 
nuts  were  not  countersunk.  Spacer  blocks  are  shown  in  Fig.  8. 

Tests  were  also  performed  on  the  same  specimens  for  finish  of 
the  seating  surface  of  the  heads  and  the  nuts  where  they  contact  the 
spacer  blocks,  and  also  of  the  bearing  surface  of  the  spacer  blocks. 

A  Profilometer  was  used  for  these  tests.  Prior  to  making  the  tests, 
the  Profilometer  used  was  calibrated  against  known  standards  and 
found  to  be  indicating  75%  of  the  R.M.S.  values.  In  the  data  sheets 
a  correction  factor  of  1.33  was  applied  to  the  Profilometer  readings. 
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SECTION  17 


PRELIMINARY  TESTING 

TESTS  OF  Initial  experimental  tests  were  made  using  AN-I4C-3O ,  lA-28 

TORQUING 

METHODS  UNF-3A  stainless  steel  bolts  and  AN-363-A28  silver  plated  steel 
nuts. 

In  these  tests  the  compression  recording  strain  gage  cell  was 
sandwiched  between  cold  rolled  steel  spacer  blocks  drilled  to  accomma 
date  the  I/I4"  diameter  AN  bolts.  Bolts  were  torqued  in  the  dry  condi 
tion  from  the  nut. 

Two  methods  of  obtaining  torque-tension  data  for  multiple  torqu- 
ings  of  the  ii.  ,ividual  bolt-nut  combinations  were  investigated. 

1.  Torquiiv  the  bolts  to  a  maximum  tension  value  (less  than 
that  causing  bolt  yield)  in  six  uniform  steps,  returning 
to  zero  tension  and  repeating  the  sequence  five  times. 

2.  Torquing  the  bolts  from  zero  tension  to  the  first  of  six 
uniform  steps  five  times  in  succession  and  repeating  for 
each  higher  tension  point  up  to  the  maximum  tension. 

Torquing  to  each  tension  value  five  times  before  proceeding  to 
the  next,  required  greater  values  of  torque  at  the  higher  tension 
loads  than  aid  the  method  of  torquing  the  bolt  from  minimum  to  max¬ 
imum  tension  five  times  in  succession.  The  spread  between  individ- 

* 

ual  torque  values  for  the  same  bolt  tension,  however,  was  not  as 
great  using  method  #2. 

It-  was  decided  that  method  #1  would  be  adopted  for  the  test 
program  for  the  reason  that  torquing  by  this  method  was  more  repre¬ 
sentative  of  actual  field  conditions  than  method  #2. 

It  was  observed  that  the  torque  required  for  the  same  tension 
in  the  bolt  over  repeated  runs  increased  greatly  due  to  galling 
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and  scarring  of  the  steel  spacer  blocks.  Also,  the  initiaQArun 
of  each  new  bolt-nut  combination  increased  over  that  of  the  pre¬ 
vious  combination  as  the  surface  of  the  spacer  block  became  pro¬ 
gressively  rougher. 

TESTING  THE  In  an  effort  to  obtain  more  consistent  results  from  bolt  to  bolt, 

EIT'EGT  OF 

WASHERS  hardened  steel  washers  were  inserted  between  the  bearing  surfaces  of 
nut  and  bolt  head  and  the  steel  spacer  blocks.  These  washers,  how- 
\  ever,  turned  on  the  spacer  block  with  the  nut  and  caused  the  same 

galling  conditions  as  did  the  nut  turning  directly  on  the  spacer  block. 

Pinning  the  hardened  washers  to  the  spacer  block  proved  unsatis¬ 
factory  due  to  breakage  of  the  brittle  washers  during  the  test  runs. 

TESTS  TO  In  order  to  isolate  the  torque  required  to  overcome  thread  fric- 

EVALUATE 

HEAT)  fc  firry1  tion  from  the  torque  required  to  overcome  the  friction  of  the  nut 

BEARING 

FRICTION  -  and  spacer  block  bearing  surfaces,  an  AN-200-KP-U  ball  bearing  was 
mounted  in  the  steel  spacer  block.  The  nut  turned  freely  on  the 
inner  race  of  the  ball  bearing  during  these  torque-tension  tests. 

For  this  arrangement  smaller  torque  values  than  previously  observed 
were  required  to  obtain  the  desired  tension  values  in  the  bolts. 

After  sixteen  repeated,  dry  torquing  runs  on  the  same  bolt-nut  combin¬ 
ation  the  torque  required  to  obtain  the  same  tension  in  the  bolt  did 
„  not  increase  perceptibly.  Thus  for  this  bolt  and  nut  combination 
the  increase  in  thread  friction  due  to  repeated  tightenings  was 
negligible,  indicating  that  the  additional  torque  required  for 
repeated  tightenings , and  successive  bolts  during  previous  tests  was 
due  principally  to  the  worsening  condition  of  the  bearing  surface  of 
the  steel  spacer  blocks,  and  nuts  or  heads. 
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TESTS  Since  the  surface  condition  of  the  cold  rolled  steel  spacer 

■gjjjBT 

HARDENED  blocks  seemed  to  be  the  determining  factor  in  the  torque-tension  rela- 

SPACER  ' 

BLOCKS  tionship,  and  their  reuse  resulted  in  such  wide  fluctuations,  it  was 
decided  to  use  SAE-01  tool  steel  blocks  hardened  to  Rockwell  C-6o  for 
the  test  program.  It  was  expected  that  in  this  way  each  new  bolt 
would  be  subject  to  the  same  conditions  as  the  previous  one  without 

necessitating  the  use  of  a  new  set  of  spacer  blocks  for  each  individ-  ■ 

>- 

ual  bolt-nut  test  specimen.  Although  the  hardened  blocks  were  a  dis¬ 
tinct  improvement  over  the  cold  rolled  steel  blocks,  it  was  found 
that  even  the  hardened  blocks  were  subject  to  galling  and  smearing  of 
metal,  and  required  sanding. 

Experimental  tests  using  hardened  steel  (Rockwell  C-6o)  spacer 
blocks  and  the  following  bolts  and  nuts  were  made. 

BOLTS:  (1)  AN8C-37,  1/2-20  UNF-3A  Stainless  Steel  Bolt. 

(2)  l/2"  Diameter  Standard  Cold  Finished  Steel  Bolt. 

NUTS:  (1)  AN-363-C820,  l/2«  Silver  Plated  Steel  Nut. 

(2)  l/2«  Standard  Cold  Finished  Steel  Nut. 

These  tests  involved  successive  dry  torquings  from  the  nut  for 
the  various  combinations  of  the  above  bolts  and  nuts,  and  torquings 
with  the  nut  bearing  surfaces  alone  lubricated  with  oilj  with  the 
threads  alone  lubricated  with  oil,  and  with  both  the  thread  and  nut 
bearing  surfaces  lubricated  with  oil. 

As  a  result  of  these  tests  the  following  conclusions  were  reached: 

1.  The  increase  in  the  torque  requirements  for  successive  tight¬ 
enings  of  the  same  bolt-nut  combination  is  due  to  the  follow¬ 
ing  factors: 

(a)  Increased  friction  between  bearing  surfaces  of  nut  and 
hardened  steel  spacer  block  due  to  galling. 
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(b)  Increased  friction  between  threads  of  the  nut  and  bolt 
due  to  galling. 

Factor  .(a)  above  account^  for  a  much  greater  percentage  of  the 
increased  torque  required  after  successive  tightenings  for 
the  combinations  tested.  { 

A  silver  plated  nut  causes  less  galling  of  the  hardened  steel 
spacer  block  than  does  a  standard  steel  nut.  Silver  plating 
acts  like  a  lubricant  in  this  respect. 

The  increase  in  torque  values  over  successive  dry  tighten¬ 
ings  of  the  stainless  steel  bolt  and  silver  plated  nut  due 
to  thread  friction  is  negligible  for  as "many  as  six  torqu- 
ings. 

For  the  standard  steel  bolt  used  with  the  silver  plated  nut, 
or  for  the  stainless  steel  bolt  used  with  the  standard  steel 
nut  the  increase  in  torque  values  over  successive  dry  tight¬ 
enings  is  partially  attributable  to  increased  thread  friction. 
That  portion  of  the  increased  torque  due  to  the  increase  in 
tliread  friction,  however,  is  only  about  10  to  20 %  of  the 
total,  the  rest  being  due  principally  to  the  increased  fric¬ 
tion  of 'the  nut  and  spacer  block  bearing  surfaces  due  to 
galling. 


TORQUE - 
TENSION 
TESTS 


LUBRICATED 


SECTION  7 

TEST  PROCEDURES 

Torque-tension  tests  were  performed  in  the  following  order: 

1.  Torqued  from  nut  -  Lubricated 

2.  Torqued  from  head  -  Lubricated 

3.  Torqued  from  nut  -  Dry 

il.  Torqued  from  head  -  Dry 

Each  bolt  specimen  was  torqued  through  its  full  range  for  five 
successive  torquings  before  the  next  specimen  was  tested.  All  tests 
were  made  at  room  temperature.  Readings  were  made  as  torque  was 
increased.  No  determination  was  made  of  the  torque  due  to  the  self 
locking  provisions  in  the  nuts  at  zero  tension  load.  No  release 
torque  readings  were  made. 

Torque  values  were  recorded  on  the  test  data  sheets  for  six 
increasing  stress  levels,  wherever  possible.  Gn  the  fifth  torquing 
the  stress  was  raised  to  the  computed  yield  point  where  possible,  and 
the  torque  noted.  In  many  cases  principally  during  dry  torquing  from 
the  head,  the  bolt  failed  before  the  higher  tensile  stress  levels 
could  be  reached. 

For  the  lubricated  condition  tests,  thread  compound,  anti-seize, 
graphite  petrolatum,  Mil-T-55Wi  lubricant,  which  is  a  mixture  of  $0% 
graphite  and  %Uf0  petrolatum,  was  applied  to  the  threads  and  to  the 
seating  surfaces  of  the  bolt  heads  and  nuts  prior  to  the  initial 
torquing. 

Lubrication  was  also  applied  during  subsequent  torquings  due  to 
loss  of  lubricant.  The  initial  lubrication  and  subsequent  lubrications 
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are  noted  in  the  "Test  Data"  sheets  by  an  "L"  placed  before  the 
torquing  runs  where  they  were  applied. 

For  the  MS-20, 00R  to  MS-20, 008  series,  bolts  and  the  AN-3C  to 
AN-8C  series  bolts,  the  seating  surface  of  the  spacer  blocks  had  a 
ground  finish  at  the  start  of  the  tests  for  each  size  bolt.  No  polish¬ 
ing  or  sanding  was  done  on  these  surfaces  during  the  .lubricated  torquing 
tests.  ■ 

For  the  M-5O9-0R  to  AN-509-816R  series  bolts,  the  finish  was 
that  left  by  the  countersink  tool  at  the  start  of  the  tests  for  each 
size  bolt,  and  the  surface  was  not  processed  in  any  way  during  the 
lubricated  torquing  tests. 

For  lubricated  tests' on  the  MS-20,009  to  MS-20, 02l|.  bolts  and  for  ■ 
the  M-9C  to  AN-20C  bolts,  and  for  the  AN-509-916R  screws,  the  seating 
surfaces  of  the  spacer  blocks  were  sanded  after  the  fifth  torquing  of , 
each  bolt  as  described  under  dry  torquing. 

DRY  After  completing  the  lubricated  tests  on  a  bolt  size,  the  blocks 

TOuing 

and  the  specimens  were  thoroughly  cleaned  with  carbon  tetrachloride 
before  dry  torquing  was  begun. 

It  was  found  that  the  pressure  of  the  seating  surfaces  of  the 
bolts  and  nuts  during  dry  torquing,  deposited  an  increasing -amount  of 
metal  and  plating  on  the  seating  surfaces  of  the  spacer  blocks. 

For  this  reason  the  bearing  surface  of  the  blocks  were  sanded 
after- the  fifth  torquing  on  each  bolt.  Thus  tests  on  each  new  spec¬ 
imen  was  started  on  a  newly  sanded  'surface.  For  the  MS-20, OGU  to 
MS-20, 02i;  series  and  the  AN-3C  to  AN-20C  series  bolt  spacers,  and  for 
the  spacers  used  with  the  nuts  of  the  AN-5O9-0R  to  AN-509-916R  series 
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screws  this  was  done  on  a  belt  sander  using  a  "100-X  Grit  Metallic 
Cloth"  manufactured  by  3ehr  Manning  of  Troy,  Hew  York.  For  the 
AN-509-8R  to  AK-509-916R  series  bolt  spacers  used  with  the  screw 
heads,  this  was  done  by  hand  sanding  the  countersunk  area. 

The  "Test  Data"  sheets  on  finish  show  the  Re  of  Home  ter  readings 
of  these  surfaces. 

Hardness  tests  on  the  bolts  were  made  by  grinding  a  flat  on  the 
shank  of  the  bolt.  Tests  on  the  nuts  Xirere  made  on  the  flats  for  hexa¬ 
gon  nuts  and  on  the  seating  surface  for  the  EB  and  i;2FV/  type  nuts. 
Spacer  blocks  hardness  tests  were  made  on  the  seating  surfaces. 

Tests  for  surface  finish  were  made  on  the  spacer  blocks  in  a  dir¬ 
ection  across  the  cutting  tool  marks.  In  the  case  of  the  bolt  and 
nut  seating  surface  this  was  in  a  radial  direction.  For  a  few  small 
sizes  it  was  necessary  to  depart  from  the  radial  somewhat  to  clear 
the  shank  of  the' bolt. 


SECTION  VI 


:  TEST  HSSD1TS 

'  Appendix  II  contains  the  data  on  the  hardness  and  surface  finish,  of  the 
bolt  heads,  the  nuts,  and  the  spacer  blocks. 

Appendix  III  contains  the.  "Test  Lata"  sheets  shewing  the  torque-tension 
test  results  obtained  with  the  various  bolts  and  nuts  for  the  different  test 
conditions. 

Appendix  IV  contains  graphs  of  the  relationship  between  the  average  torque 
and  the  tension  for  the  various  types  and  sizes  of  bolts,  for  the  different 
conditions  of  test.  Plot  lines  connect  average  points  directly,  without  curve 
fitting.  On  Pages  166  to  175  are  shown  related  families  of  curves  for  the 
various  types  of  bolts  tested.  . 
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BOLT  FAILURE  IN  SHEAR  AT  ROOT  DIAMETER 


DRIVING  TOOL  FAILURES 


SECTION  VII 


CONCLUSIONS  , 

LUBRI  Lubricated  condition  torquing  produces  average  torque- tension 

CATED 

TORQUING  relationships  which  do  not  vary  appreciably  over  repeated  torquings 
to  the  high  tensile  stress  levels. 

* 

The  torque  tension  relationship  varies  -with  different  lubri¬ 
cants.  Specification  Mil-T-55Ul  lubricant  possesses  outstanding 
anti-friction  and  anti-seize  properties,  and  lower  torque  values 
were  required  to  produce  a  given  tension  than  other  lubricants  tried 

DRY  The  torque  required  to  produce  a  certain  tension  in  the  bolts 

TORQUING 

increased  with  each  successive  dry  torquing,  due  principally  to  the 
progressive  deterioration  of  the  bearing  surfaces  under  the  head 
or  nut. 

A  study  of  the  data  sheets  indicates  that  the  socket  heads  on 
the  MS-20, OOl;  to  MS-20, 021;  series  bolts,  and  the  Phillips,  Frearson 
and  screwdriver  slots  on  the  AN-509-8R  to  AN-509-916R  series  screws, 
do  not  develop  the  full  tension  capabilities^ of  these  bolts  and 
screws  under  conditions  of  dry  torquing.  In  most  cases  the  higher 
tensile  stresses  were  not  reached  due  to  rupture  of  the  heads  by 
torquing. 

In  the  case  of  the  AN-3C  to  AN-20C  series  bolts,  this  tendency 
to  rupture  the  head  was  not  evident,  except  in  some  isolated  cases. 

For  the  case  of  the  AN-3C  to  AN-12C  series  bolts,  the  torque 
from  the  head  was  50  to  100$  greater  than  the  torque  from  the 
silver  plated  nut,  indicating  the  effectiveness  of  the  plating. 
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TORQUE  The  torque  tension  relationship  among  individual  bolts  of  the 

VARIATIONS 

AMONG  same  size  in  a  series,  showed  an  average  variation  from  the  mean  of 

INDIVIDUAL 

BOLTS  about  +  18$  for  both  the  dry  and  lubricated  cases;  with  the  exception 


of  the  dry  torquing  case  for  the  MS-20, 00U  to  MS-20, 02lj.  series  bolts 
where  the  average  variation  was  about  26$.  These  percentages  were 
based  on  a  7$  sample  of  all.  the  results. 

EFFECT  OF  It  was  observed  that  torque  values  obtained  during  the  dry  torqu- 

CIEARANCE 

HOLES  ON  ing  tests  were  dependent  to  a  noticeable  extent  on  the  size  of  the 
SPACER 

BLOCKS  clearance  holes  drilled  in  the  spacer  blocks  to  accommodate  a  particu¬ 


lar  diameter  bolt.  As  the  diameter  of  the  hole  is  enlarged,,  the  torque 
required  increases  also;  due  to  the  reduced  bearing  surface  area,  which 
increases  the  friction,  galling  and  seising  between  bolt  head  or  nut 
and  the  spacer  block.  See  galling  areas  on  blocks  in  Fig.  8. 

The  torque  data  obtained  during  this  test  program  thus  pertains  to 
the  bolting  of  hardened  steel  plates  through  holes,  which  have  the  spec¬ 
ific  clearances  noted  on  the  "Data  Sheets".  See  Appendix  III.  The  rela¬ 
tionships  for  other  sizes  of  clearance  holes  were  not  investigated. 

BEARING  Due  to  the  fact  that  in  most  cases  the  bearing  surfaces  of  both 

CONTACT 

AREA  OF  bolt  heads  and  nuts  are  not  formed  flat  and  perpendicular  to  the  bolt 

HEADS  & 

NUTS  axis,  the  actual  contact  area  is  considerably  different  from  that  cal¬ 

culated  from  the  dimensions  shown  on  the  specification  sheets. 

The  heads  of  the  AN-509- 8R  to  AN-509-916R  series  flat  head  screws 
also  do  not  fully  contact  the  countersunk  area  of  the  spacer  blocks. 

In  most  cases  it  is  estimated  that  approximately  60$  of  the  calculated 
bearing  surface  area  was -utilized. 

EFFECT  OF  Silver  or  cadmium  plating  on  a  bolt  or  nut  acts  as  an  anti-seize 

with  regard  to  lowering  the  required  torque  values  for  the  dry  con- 
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ditions.  Silver  plating  appears  to  be  superior  to  cadmium  plating 
•with  regard  to  its  anti-seize  effect.  Under  lubricated  torquing  con¬ 
ditions  the  effect  of  the  plating  on  the  torque  required  is  greatly- 
reduced. 

Values  of  torque  for  dry  nut  torquing  of  the  AN  type  bolts 
employing  silver  plated  nuts  may  vary  from  lot  to  lot  and  from  manu¬ 
facturer  to  manufacturer,  as  a  function  of  pre-plating  surface  finish, 
thickness  of  plating  deposited,  and  plating  techniques. 

EFFECT  OF  After  plotting  the  data  obtained  from  the  AN-509- 8R  to  AN-509- 

rifED  ALUM¬ 
INUM  NUTS  lj.l6lt  series  screws  with  the  NMJ  aluminum  nuts  it  was  observed  that 

for  the  case  of  dry  torquing  the  curves  did  not  follow  the  spread 

pattern  obtained  with  the  AN- 365  silver  plated  steel  nuts  on  the 

same  size  screws.  Also  the  torque  values  were  less.  Compare  graphs 

of  bolts  0,  P  and  Q  with  W,  X  and  Y. 

These  torque  values  were  increased  many  fold  when  the  blue  dyed  NMJ 
aluminum  nuts  were  allowed  to  soak  in  carbon  tetrachloride  for  about 
five  minutes  prior  to  testing.  See  graph  of  size  X  test  bolt, 

Page  151. 

The  manufacturer  of  the  blue  dyed  aluminum  nuts  later  advised 
that  these  aluminum  nuts  were  dyed  blue  for  identification  purposes 
only.  During  the  process,  the  nuts  are  impregnated  with  a  lubricant 
and  are  not  subject  to  any  subsequent  bath  or  rinse  that  might  tend 
to  remove  the  lubricant. 

The  normal  test  procedure  of  Taping  the  nuts  with  carbon  tetra¬ 
chloride  was  not  sufficient  in  this  case  to  completely  remove  the  lub¬ 
ricant  and  the  results  of  the  dry  torquing  test  for  bolts  W,  X  and  Y 
must  be  considered  as  having  been  modified  by  the  manufacturers  lubricant. 
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Tests  on  the  AN-lltC  to  AN-20C  type  bolts,  of  7/8"  diameter  to 
'1  l/lj."  diameter  were  run  with  AN-310  type  unplated  stainless  steel 
nuts.  The  friction  on  the  stainless  steel  threads  between  bolt  and 
nut  caused  seizure  and  consequent  failure  of  the  bolt  in  shear  at  the 
root  area  during  dry  torquings  at  values  of  tension  from  b.0-60,000  psi. 
See  examples  of  specimen  failures  shown  in  Fig.  9. 

The  higher  torque  values  attributable  to  thread  friction  appears 
to  be  due  to  the  galling  and  seizing  action  caused  by  the  use  of 
stainless  steel  for  both  the  bolt  and  the  nut.  This  severe  galling 
effect  at  the  threads  was  not  evident  when  both  metals  were  dissim¬ 
ilar  or  one  or  both  were  plated. 

The  recessed  socket  heads  of  the  MS-20, 00b  to  MS-20, 02b  type 
bolts  ruptured  before  reaching  the  higher  stress  levels,  when 
torquing  from  the  head  in  the  dry  condition.  Sizes  between  l/2" 
diameter  and  1  l/h"  diameter  ruptured  out  when  torquing  from  the 
head  in  the  dry  condition  at  values  of  tension  around  5>0,000  psi. 

With  the  1  l/h"  diameter  and  1  l/2"  diameter  bolts  under  the  same 
conditions,  it  was  possible  to  torque  to  70,000  psi.  before  rup¬ 
ture  occurred. 

Rupturing  of  the  recessed  head  also  occurred  with  the  AN-509 
flat  head  screws  above  l/h"  diameter,  at  values  of  30,000  psi.  or 
less.  See  Fig.  9. 

In  many  cases,  particularly  with  the  AN-509  screws  the  best 
drive  tools  commercially  available  ruptured  before  the  belts  could 
be  torqued  to  the  yield  point.  Some  of  these  broken  tools  are 
shown  in  Fig.  9. 
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CONCLU-  The  torque-tension  relationships  as  determined  during  these  tests 

Slofi  . 

must  be  regarded  as  applying  only  for  the  particular  conditions  of 

these  tests.  It  was  found  that  the  bearing  surfaces  of  the  objects 
bolted  together  exercised  considerable  influence  on  the  results  ob¬ 
tained.  Thus  for  spacers  of  other  materials,  with  other  hardness  and 
finish  treatment,  and  with  different  clearance  in  the  bolt  holes, 
other  torque-tension  relationships  would  be  expected.  The  variance 
affects  of  these  conditions  are  greatly  magnified  for  the  case  of 
dry  torquing. 

In  view  of  the  much  greater  repeatability  of  lubricated  torquing 
relationships,  it  would  appear  that  this  method  would  be  preferred  for 
pre-stressing,  subject  to  a  possible  reduction  in  locking  and  holding 
resistance  of  the  nut  due  to  the  thread  lubrication. 

During  the  preliminary  tests,  it  was  noted  that  most  of  the 
scatter  and  increase  during  torquing  conditions  was  due  to  the  nut  or 
the  head  bearing  surface  friction  and  seizure.  In  view  of  this,  a 
torquing  procedure  might  be  considered  in  which  the  lubricant  is 
applied  only  under  the  nut  or  head,  whichever  is  used  for  torquing, 
without  lubricating  the  threads.  This  method  would  improve  consis- 
teney  of  results  over  the  totally  dry  case,  and  at  the  same  time  main¬ 
tain  the  full  locking  resistance  of  the  thread. 
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DIMENSIONAL  DETAILS  OF  BOLTS  TESTED 
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MARK  BASIC  MS  PART  - 
NO.  ON  BOLT  HEAD  IN 
ACCORDANCE  WITH 
PROCUREMENT  SPECIFIC* 
TION 


BREAK  EDGES  OF- 
LOCKWIRE  HOLES 


■THREAD  T 
SPECI FI  CATION 
MTL-S-77U2 


FOUR  LOCKWIRE  HOLES 
FURNISHED- WHEN  DRILLED 
HEAD  IS  SPECIFIED  IN 
PART  NO. 


DIMENSIONS  TO  BE  MET  AFTER  PLATING. 


BASIC  (  ^  THREAD 

PlO  m 

PART  NO. 


\_  Im- INCOMPLETE  THREADS  AND/OR 

i.  '  EXTRUSION  ANGLE  PERMISSIBLE 

\  UP  TO  TWO  THREAD  PITCH  MAX 

N -  BBEAJC  EDGE  .015 

-K  .005 

F 

-  E-  (MEASURED  AT  CENTER  OF 
HEX  SOCKET  FACET) 


(a) 

A 

ffiA 

(a) 

B  . 
DIA 

(a) 

C 

DIA 

D 

E 

F 

MIN 

.2492 

.247? 

.438 

.428 

.342 

.250 

.112 

.068 

.078  .063 


(b) 

PR  S 
RAD  RAD  REF 


.020  .041 
.010  .031 


-  (a) 

U  CONCENTRICITY 
t .016  II 


.031  .005  .007  .001*5 1 


.09U 

.063 

.055  ,oid 

.562 

.047 

.006  .008 

.0045 

.125 

.063 

.688 

.047 

.000  .010 

.0045 

.156 

.063 

OK  O11  .020.057 
•055  .011  A1rt  Ali- 

.812 

.047 

.009  ,011 

.006 

MS2OOO0 

1/2  -20UNF-3A 

.4991 

.4971 

.828 

.818 

.625 

.500 

.247 

.169 

MS20009 

9/16-10UNF-3A 

.5616 

.5596 

.938 

.928 

.723 

.562 

.279 

.190 

172 

.063 

.055 

KS20010 

MS20012 

MS20011i 


g/a  -16UHF-3A I 

3A  -16UNF-3A 

7/8  -UiUNF-3A  I  -873t|x.U38| 


.826  .  625  .317  .  216 
.921  .750  .385  .273 


.675  .1*50  .327  ^ 


.203  .091* 


.231*  .091* 
.281  .091* 
.31*1*  .091* 


.055 


.055  .019 
.055  .022 
.055  .022 


.020  .073  93fl 
.010  .063  ^ 
.030  .073  ^062 
.015  .063 

•03°  .073  , 


.062  .012  .016  .006 
.062  .015  .018  .006 
.078  .018  .022  .009 


391 

.094 

.055 

.022 

.030 

.015 

.073 

.063 

1.312 

.078 

.020 

.025 

.009 

MS20018 

1-1/8  -12UNF-3A 

MS20020 

1-1/4  -12UNF-3A 

MS20022 

1-3/8  -12UNF-3A 

MS20024 

1-1/2  -12UNF-3A 

,1*53  .091* 
.500  .125 
.51*7  .125 


.055  .022 
.055  .022 


1 015  pQ^3  I-*” 
.030  .089  , 

.015  .077 
.030  W  ‘ 
.015  -077  1-750 


.091*  ,022  .02&  .009 
.091*  .025  .032  .009 
.091*  .028  *.035  .015 


(a)  DIMENSIONS  A,  B,  AND  C  SHALL  BE  CONCENTRIC  TO  EACH  OTHfiR  WITHIN  VALUES  SPECIFIED  FOR  X  TOTAL  INDICATOR  READING. 
DIMENSIONS  H  AND  C  SHALL  BE  CONCENTRIC  TO  EACH  OTHER  WITHIN  VALUES  SPECIFIED  FOR  Y  TOTAL  INDICATOR  READING. 

DIMENSIONS  A  AND  THREAD  PITCH  DIAMETER  SHALL  BE  CONCENTRIC  TO  EACH  OTHER  WITHIN  VALUES  SPECIFIED  FOR  Z  TOTAL  INDICATOR 

READINQ. 

(b)  REFERENCE  DIMENSIONS  ARE  FOR  EESIGN  PURPOSES  ONLY  AND  ARE  NOT  AN  INSPECTION  REQUIHHIENT. 

MATERIAL:  ALLOT  STEEL.  SEE  PR0CURH1ENT  SPECIFICATION. 

FINISH:  CADMIUM  PLATE.  SEE  PROCUREMENT  SPECIFICATION. 

HEAT  TREAT:  SEE  PROCUREMENT  SPECIFICATION. 

ADD  H  BEFORE  DASH  NO.  FOR  BOLT  WITH  DRILLED  HEAD. 

EXAMPLES  OF  PART  NOS.:  MS2000l*-8  =  lA“28  BOLT,  1.000  INCH  LONG,  .500  INCH  GRIP,  UNDRILLED  HEAD. 

HS2000l*H8  “  l/l*-28  BOLT,  1.000  INCH  LONG,  .500  INCH  GRIP,  DRILLED  HEAD. 

MS2000 i*-9  *  1/4-28  BOLT,  1.062  INCH  LONG,  .562  INCH  GRIP,  UNDRILLED  HEAD. 

MS 20004 H9  “  lA-28  BOLT,  1,062  INCH  LONG,  .562  INCH  GRIP,  DRILLED  HEAD. 

BOLTS  SHALL  BE  FREE  FROM  ALL  HANGING  BURRS  AND  SLIVERS  WHICH  MIGHT  BECOME  DISLODGED  UNDER  USAGE.  COUNTERSINKING  OF  DRILLED 
HOLES  IS  OPTIONAL. 

DIMENSIONS  IN  INCHES.  UNLESS  OTHERWISE  SPECIFIED,  TOLERANCES:  DECIMALS  ±.010,  ANGLES  ±1*. 


Navy  -  BuAer 

Sj  ||  PROCUREMENT  SPECIFICATION 

Si  ll  MIL-B- 7638 

bTHER  INTEREST:  AIR  FORCE 

WAVC  T(?  6>33 O 


MILITARY  STANDARD 


BOLT  -  INTERNAL  WRENCHING,  160,000  PSX 


MS 2 000 4  thru 

S20 


SHEET  l  OF 


SUPERSEDES  DRAWING  NAS495 


r 


APPROVED  28  J«ng2  REVISED 
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ESNA  PART 
NUMBER 


0  F 


P^oriLt  or  fully 

MACHINED  NUT  BODY 


ULTIMATE  TENSILE  APPROX 
STRENGTH  LB  MIN  WEIGHT  AVAILABILITY 
(SEE  PERFORMANCE)  LB/100 


COOt:  PART  NUMBER  DESIGNATES  DOUBLE  HEX  HIGH  TENSILE  NUT  AS  SPECIFIED  IN  TABULATION  ABOVE. 

EXAMPLE:  EB-064  =  DOUBLE  HEX,  HIGH  TENSILE  NUT,  TYPE  EB,  3/A-24  THREAD. 

(5) MATERIAL:  STEEL  -  AISI  4130  (AMS  6370)  OR  EQUIVALENT.  THREAD  SIZES  1/4  THROUGH  1/2. 

STEEL  -  AISI  3140  OR  EQUIVALENT,  THREAO  SIZES  9/16  THROUGH  I. 

STEEL  -  AISI  4340  (AMS  6415)  OR  EQUIVALENT,  THREAD  SIZES  1  l/fc  AND  LARGER- 

FINISH:  CADMIUM  PLATE  -  FEDERAL  SPEC  QQ-P-416,  TYPE  I,  CLASS  C. 

©LOCKING  INSERT:  RED  NYLON  -  'ZYTEL-  101 . 

HARDNESS:  ROCKWELL  "C"  29-35.  (SEE  NOTE  l). 
m  I  MAGNETIC  PARTICLE  INSPECTION:  PARTS  INDIVIDUALLY  INSPECTED  IN  ACCORDANCE  WITH  MILITARY  SPECIFICATION 
*  1  1  I  Mll-l-6668  AND  DYED  GREEN. 


NAS353 

AS  APPLICABLE 


ESNA  -  STANDARD 


NUT- DOUBLE  HEX.  HIGH'  TENSILE 


AON  Z)©ES  ^30  OE(£):03SIA3«  IS  NVP 


ELASTIC  STOP  NUT  CORPORATION  OF  AMERICA,  union,  new  jeascv. _ _ 

©THREAD  SQUARENESS;  ESNA  SPEC  *05,  GROUP  IT.  SIZES  I  4  THROUGH  I  2 
v  ESNA  SPEC  405.  GROUP  1,  SIZES  9.  16  AND  LARGER. 

THREADS:  MIL  SPEC  MIL-S-7M2. .. 

TOLERANCES:  UNLESS  OTHERWISE  SPECIFIED:  DECIMALS.  *  .015 
PERFORMANCE: 

TORQUE:  -  NAS353  EXCEPT  THAT  THE  ELEVATED  TEMPERATURE  TEST  MAXIMUM  IS  I50"F. 

AXIAL  TENSILE  STRENGTH  -  THE  AXIAL  TENSILE  STRENGTH  LISTED  IN  THE  TABLE  ON  PAGE  I  OF  2  IS  EQUIVALENT 
TO  180,000  PSI  AT  THE  MINIMUM  PITCH  DIAMETER  OF  THE  BOLT  THREADS,  FOR  SIZES 
1/4  THROUGH  1,7. 

FOR  SIZES  9/16  AND  LARGER  THE  FIGURES  LISTED  ARE  EQUIVALENT  TO  A  MINIMUM  OF 
160,000  PSI  AT  THE  MINIMUM  PITCH  DIAMETER  OF  THE  BOLT  THREADS. 

APPROVAL  STATUS:  TYPE  EB  'S  ACCEPTABLE  FOR  USE  ON  AIRCRAFT  IN  ACCORDANCE  WITH  BUREAU  OF  AERONAUTICS 
APPROVAL  LETTERS  1.1472  AND  52353,  DATED  15  FEB  49  AND  8  JUL  49,  RESPECTIVELY,  AND  AIR 
MATERIEL  COMMAND  APPROVAL  LETTER  MCREXA71  DATA  20  JAN  50. 


APPLICATION:  TYPE  EB  IS  DESIGNED  FOR  HIGH  TENSILE  APPLICATIONS  WHERE  WEIGHT  AND  SPACE  LIMITATIONS  ARE 
MAJOR  CONSIDERATIONS, 


ESNA  AVAILABILITY  CODE: 

*  •:  STANDARD  PARTS  NORMALLY  CARRIED  IN  STOCK. 

1  -  STANDARD  PARTS  IN  STOCK  OR  AVAILABLE  WITHIN  NORMAL  DELIVERY  SCHEDULES. 

6  -  STANDARD  PART 5  AVAILABLE  WITHIN  NORMAL  DELIVERY  SCHEDULES  BUT  FOR  WHICH  MINIMUM  PRODUCTION 
RUN  REQUIREMENTS  ARE  NECESSARY. 

NT  -  PARTS  WHICH  CAN  BE  MADE  AVAILABLE  IN  PROTOTYPE  QUANTITIES  BUT  PROCUREMENT  IN  VOLUME  SHOULD 
ALLOW  FOR  PRODUCTION  TOOLING. 


NOTES:  I.  WHEN  MEASURING  ROCKWELL  HARDNESS  OF  TYPE  EB  NUTS,  IT  IS  NECESSARY  TO  CUT  OFF  THE  ENTIRE 

LOCKjNG  0EVICE.  GRIND  THE  TOR  OF  THE  NUT  SMOOTH  AND  PARALLEL  TO  THE  NUT  SEATING  SURFACE 
AND  REMOVE  THE  CADMIUM  PLATING  FROM  THE  SEATING  SURFACE.  THE  HARDNESS  READING  IS  THEN  TO 
BE  TAKEN  ON  THE  TOP  OF  THE  NUT. 


2.  WITH  THE  EXCEPTION  OF  THE  FOLLOWING  SIZES,  9/16,  5/8,  3/4,  7/8,  \  AND  I  1/8,  WHICH  WILL  ALWAYS 
BE  MANUFACTURED  AS  FORGINGS,  EB  NUTS  WILL  BE  MANUFACTURED  AS  EITHER  FORGINGS  OR  FULLY 
MACHINED  PARTS.  REGARDLESS  OF  MANUFACTURING  METHOD  THESE  PARTS  ARE  INTERCHANGEABLE  BOTH 
WITH  RESPECT  TO  ENVELOPE  DIMENSIONS  AND  PERFORMANCE.  THEY  WILL  BE  SHIPPED  INTERCHANGEABLY 
DEPENDENT  ONLY  UPON  CURRENT  AVAILABILITY,  UNLESS  INSTRUCTIONS  TO  T«  CONTRARY  ARE  RECEIVED' 
FROM  THE  CUSTOMER. 


©3.  REFER  TO  ESNA  STANDARD  DRAWING  NAI0I  FOR  A  TWO-LUG  HIGH  TENSILE  NUT  DESIGN. 


ESNA  -  STANDARD 

EB 

page  2  Of  2 

NAS353 

AS  APPLICABLE 

NUT- DOUBLE  HEX.  HIGH  TENSILE 

ISSUED:  5  JAN  51  REVISEP©30  PEC  53©  12  NOV  54 


Lf 


m 


-i 


MARK  STEEL  SCREWS  WITH. 
"X",  HARK  BRONZE  SCREWS 
WITH  ONLY  ONE  "Xil 

OR  "="  NEED  BE  VISIBLE 
AFTER  SLOTTING.  POSITION 
OPTIONAL 


•EDGES  OF  HEAD 
MAY  BE  ROUNDED 


-THREAD  T, 

SPECIFICATION  MIL-S-77l*2 
'-mm  U» - M  x  1*5°  APPROX. 


1/32,  AN  INCREASE  OF  .001 
OVER  A  DIA  FROM  POINT  OF 
TANGENCY  OF.  R  AND  SHANK 
WILL  BE  PERMISSIBLE 

SLOTTED  HEAD  SCREW 


MAX  TWO  IMPERFECT  THREADS 


THE  CONICAL  SURFACE  OF 
THE  HEAD  SHALL  NOT  BE 
ECCENTRIC  WITH  THE  BODY 
MORE  THAN  A  TOTAL 
RUNOUT  OF  .005 


ENLARGED  VIEW  OF  HEAD  DIAMETER 


© 


© 


THREAD 

T 

A 

DIA 

D  DIA 

F 

1(a) 

H 

REF 

J 

K 

M 

R 

RAD 

MAX 

SHARP 

MIN 

SHARP 

ABSOLUTE 
MIN  WITH 
MAX  F 

MAX 

MIN 

MAX 

MAX 

MIN 

MAX 

MIN 

MAX 

MAX 

MIN 

NO.  8-32  NC-3A 

.161*0 

.1610 

.332 

.319 

.283 

.015 

.068 

.051* 

.01*5 

.036 

.027 

.031 

.015 

.005 

NO.  10-32  NF-3A 

.1890 

.1860 

.385 

1— 1 
c^ 
r*\ 

.327 

.016 

0 

CO 

O 

.060 

.050 

.01*2 

.031 

.031 

.015 

.005 

1/1*  -28UNF-3A 

.21*90 

.21*60 

.507 

.1*91 

.1*1*7 

.018 

.106 

.075 

.061* 

.055 

'.01*2 

.031 

.015 

.005 

5/l6-2i*UNF-3A 

.3115 

.3085 

.  .635 

.617 

.569 

.020 

.133 

.081* 

.072 

.069 

.053 

.01*7 

.020 

.010 

3/8  -21*UNF-3A 

.371*0 

.3710 

.762 

.686 

.023 

.159 

.091* 

.081 

.083 

.061* 

.01*7 

.020 

.010 

7/16-2 0UNF-3A 

.1*365 

.1*325 

.890 

.860 

.805 

.026 

.186 

.098 

,  .082 

.097 

.077 

.01*7 

.020 

.010 

1/2  -20UNF-3A 

.1*990 

.1*950 

1.017 

.992 

.919 

.030 

.213 

.110 

.091* 

.112 

.088 

.01*7 

.020 

.010 

9/16-10UNF-3A 

.5615 

.5575 

1.11*5 

1.118 

1.036 

.031* 

.21*0 

.122 

.106 

.127 

.103 

.01*7 

.020 

.010 

k 


V 


|V— 


JSfiBSSEEJffiAB  SfiBEM. 

THIS  TYPE  OF  RECESS  HAS  A  LARGE  CENTER  OPENING,  TAPERED  WINGS, 
AND  BLUNT  BOTTOM,  WITH  ALL  EDGES  RELIEVED  OR  ROUNDED 


RECESSED  HEAD  SCREW 

THIS  TYPE  OF  RECESS  CONSISTS  OF  TWO  INTERSECTING  SLOTS  WITH 
PARALLEL  SIDE3  CONVERGING  TO  A  SHARP  APEX  AT  BOTTOM  OF  RECESS 

DIMENSIONING  AND  GAGING  OF  THE  ABOVE  TYPES  OF  RECESSES  SHALL  BE  IN  ACCORDANCE  WITH  THE  1950  SUPPLEMENT  TO  HANDBOOK  H-2Q 
THREADS  FOR  FEDERAL  SERVICES  19 Jjii. 

I©  (a)  REFERENCE  DIMENSIONS  ARE  FOR  DESIGN  PURPOSES  ONLY  AND  ARE  NOT  AN  INSPECTION  REQUIREMWT. 

1  (b)  TOLERANCE  ON  THE  LENGTHS  FOR  NO.  8-32,  NO.  10-32,  l/i*-28,  AND  3/8-21*  SCREWS  *  +1/32,  -lM;  FOR  5/16-21*  AND  9/16-18  SCREWS 

=  +3/61* ,  -0;  FOR  7/16-20  AND  1/2-20  SCREWS  -  +1/61*,  -1/32. 

(c)  BRONZE  SCREWS  INACTIVE  FOR  DESIGN  AFTER  31  JANUARY  1952.. 

FOR  DEFINITION  AND  APPLICATION  OF  DRAWING  STATUS  NOTES,  SEE  ANA  BULLETIN  NO.  337. 

MATERIAL:  STEEL,  ALUMINUM  ALLOY,  SEE  PROCUREMENT  SPECIFICATION;  COMMERCIAL  BRONZE,  85,000  PSI  MINIMUM. 

HEAT  TREAT:  LOW  ALLOY  STEEL,  125,000  TO  11*5,000  PSI  TENSJLE  STRENOTH,  SPECIFICATION  MIL-H-6875;  ALUMINUM  ALLOY,  62,000  PSI 
TENSILE  STRENGTH  (MIN),  SPECIFICATION  MIL-H-6088. 

10  FINISH:  STEEL  OR  ALUMINUM  ALLOY,  SEE  PROCUREMENT  SPECIFICATION;  BRONZE,  CAEHIUH  PLATE,  SPECIFICATION  QQ-P-i*l6,  TYPE  I,  CLASS  C. 

GRIP  LENGTHS  IN  ADDITION  TO  THOSE  TABULATED  ARE  AVAILABLE  IN  1/8  INCH  INCREMENTS  BY  THEi  USE  OF  SIGNIFICANT  DASH  NUMBERS. 


PLAIN  DASH  NUMBERS  INDICATE  STEEL  SCREWS . 

'(c).  abo  q  Papons  nruyp  daoh  mmm  for  a 


!  tmwwbp  m 


ADD  C  BEFORE  FIRST  DASH  NUMBER  FOR  CORROSION  RESISTANT  STEEL  SCREWS. 

ADD  DD  BEFORE  FIRST  DASH  NUMBER  FOR  ALUMINUM  ALLOT  SCREWS. 

ADD  R  BETWEEN  FIRST  AND  SECOND  DASH  NUMBER  FOR  RECESSED  HEAD  SCREWS. 

EXAMPLES  OF  PART  NOS.:  AN509-10-12  =  NO.  10- SLOTTED  HEAD  STEEL  SCREW  25/32  INCH  LONG. 

(c)  -  MO i  19  GLOTTBB  HfiAft  BnOHSE  fiflRfiU  IHOtiDOMQi 

(c)  19  fiLOOTBB  U8A1  BARB  BBOMSB  LOMOi 

AN509C10-12  -  NO.  10  SLOTTED  HEAD  CORROSION  RESISTANT  STEEL  SCREW  25/32  INCH  LONG. 
AN509DD1O-12  =  NO.  10  SLOTTED  HEAD  ALUMINUM  ALLOY  SCREW  25/32  INCH  LONG. 

AN509-10R12  =  NO.  10  RECESSED  HEAD  STEEL  SCREW  25/32  INCH  LONG. 

10  SCREWS  SHALL  BE  FREE  OF  ALL  LOOSE  OR  HANGING  BURRS  OR  SLIVERS  WHICH  MIQHT  BECOME  DISLODGED  UNDER  USAGE. 
DIMENSIONS  IN  INCHES. 


m 


PROCUREMENT 

SPECIFICATION 


MIL-S-7939 


AIR  FORCE-NAVY  AERONAUTICAL  STANDARD 


3^REW- 


MACHINE,  FLAT  HEAD,  100°,  STRUCTURAL 


AN509 


SHEET  1  OF  3 


as 
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-SHAPE -OF  TOP 
OPTIONAL 


WASHER  FACE 
OPTIONAL 


FINE  THREAD 
1  '  DASH  NUMBERS 


STEEL 

nASE 

ALLOY 

AL 

ALLOY 

1  TAP 

T 

A 

+.016 

+.002 

-.010 

1*1*0  ■ 
61*0 

,  Bol*0 

^D6iio~r 

NO.  U— 1*8  NF-2 

mil»i  h  mi  ’ll1 

.172 

!ll2 

6— 

—  B836 

D336 

NO.  8-36  NF-2 

,?3tr — • 

- *t31*1l 

1032 

B1032 

D1032 

NO.  10-32  NF-3 

.231*  ■ 

.375 

1*28 

Bl*28 

Dl*28 

1/1*  -28  NF-3 

.312 

.1*38 

521* 

B52U 

D521* 

5/16-21*  NF-3 

.31*1* 

.500 

62  L 

b621* 

D62li 

3/8  -21*  NF-3 

.1*53 

.563 

720 

B720 

D720 

7/16-20  NF-3 

.1*53 

.621 

820 

B820 

D820 

1/2  -20  NF-3 

.521* 

.750 

918w 

B918 

D918 

9/16-18  NF-3 

.688 

.87? 

1018 

B1018 

D1018 

5/8  -18  NF-3 

.750 

.938 

1216 

B1216 

D1216 

3/1*  -16  NF-3 

.875 

1.063 

Hill* 

BlUlil 

Dll*H* 

7/8  -H*  NF-3 

1.000 

1.250 

l6ll* 

Bl6li* 

Dl6ll* 

1  -11*  NF-3 

-  1.125 

1.1*38 

1812 

B1812 

D1812 

1-1/8  -12  NF-3 

1.250  ! 

1.625 

2012 

B2012 

D2012 

1-1 /i*  -12  NF-3 

1.1*38  ! 

1.813 

COARSE  THREAD 


liliO 

BWiO  x 

DliiiO 

NO.  1*-1*0  NC-2 

.ila 

i  632 

B632 

D632 

NO.  6-32  NC-2 

.172 

832 

B832 

D832 

NO.  8-32  NC-2 

.231*. 

' — >a*?2U 

B1021* 

D1021* 

NO.  10-21*  NC-3 

.231* 

Bi*20 

Dl*20 

1/1*  -20  NC-3 

.312 

518 

'W- 

D518 

5/16-18  NC-3 

.3  wP* 

616 

slD6l6 

3/3  -16  NC-3 

^<1*53 

7U* 

\ 

7/16-li*  NC^ 

"  -U53 

813 

B8l  3 

■^1/2  -i>irc-r 

. _ -52k _ 

912 

B912 

D912 

3?*Crl2  NO-3 

.688 

1011 

B1011 

1  D10LL. 

5/8  -i>K£-3 

.750 

1210 

B1210 

D12T0 

3/U  -10  NC->* 

^  .875 

11*09 

Bll*03^ 

Dll*  09 

7/8  -  9  NC-3 

^t»flpo 

1608 

D1608 

1  -  8  N-3 

1.12*^ 

1808^ 

B1808 

D1808 

1-1/8  -  8  N-3 

1.280 

^TO08 

B2008 

D20CJ8 

1-1/1*  -  8  N-3 

_ 3J08 _ 

I  © 
i|  © 

1}  © 
Sill  © 

i 


EUfl 


(a)  MINIMUM  A  NOT  SPECIFIED.  LIMITED  ONLY  BY  STRENGTH  REQUIREMENT  OF  SPECIFICATION. 

(b)  DASH  NUMBERS  1*1*8  THRU  036  AND  B6I*0  THRU  B036  AND  D61*0  THRU  D036  FOR  FINE  THREAD  NUTS  AND  1021*  THRU  2000  AND  B1021*  THRU 

B2OO0  AND  D1021*  THRU  D2OO0  FOR  COARSE  THREAD  NUTS  INACTIVE  FOR  DESIGN  AFTER  14  APRIL,  1949. 

FOR  DEFINITION  AND  APPLICATION  OF  DRAWING  STATUS  NOTE  SEE  ANA  BULLETIN  NO.  337. 

ADD  A  AFTER  DA9I  NUMBER  FOR  NUTS  HAVING  N ON-METALLIC  INSERTS. 

ADD  C  AFTER  DASH  NUMBER  FOR  NUTS  FABRICATED  ENTIRELY  FROM  METAL. 

EXAMPLES  OF  PART  NUMBERS i  AN365-4*28  «  lA~20  STEEL  NUT,  EITHER  ALL  METAL  OR  WITH  N ON-METALLIC  INSERT. 

AN36$Dl*20  =  l/l*-20  ALUM  HUM  ALLOY  NUT,  EITHER  ALL  METAL  OR  WITH  NCN-MBTALLIC  INSERT. 

AN365Bl*20A  =  l/U-20  COPPER  BASE  ALLOY  NUT  WITH  NGN -METALLIC  INSERT. 

AN365-U28C  =  l/U-20  STEEL  ALL  METAL  NUT. 

DIMENSIONS  IN  INCHES. 

FOR  INSTALLATION  INSTRUCTIONS  SEE  DRAWING  AND1OO60.  '  > 


AIR  FORCE- NAVY  AERONAUTICAL  STANDARD 


NUT-SELF  LOCKING,  250*  F 


□  PCI  B21594 

WA DC  Tie  57-330 


AN  365 


SUPERSEDES  USAF  DRAWING  36$  AND 
NAF  DRAWING  1137 


ELASTIC  STOP  NUT  CORPORATION  OF  AMERICA,  union,  new  jersey 


CODE:  PART  NUMBER  AS  LISTED  IN  THE  TABULATION  ABOVE  DESIGNATES  HIGH  STRENGTH  ALUMINUM  ALLOY  HEX  NUT 
WITH  FIBRE  LOCKING  INSERT. 

PREFIX  LETTER  "N"  TO  PART  NUMBER  LISTED  IN  THE  TABULATION  ABOVE  DESIGNATES  HIGH  STRENGTH 
ALUMINUM  ALLOY  HEX  NUT  WITH  NYLON  LOCKING  INSERT. 

EXAMPLE:  MJ-02  *  FIBRE  LOCKING  INSERT,  HIGH  STRENGTH  ALUMINUM  ALLOY  HEX  NUT,  TYPE  MJ,  10-32  THREAD. 

NMJ-02  =  NYLON  LOCKING  INSERT,  HIGH  STRENGTH  ALUMINUM  ALLOY  HEX  NUT,  TYPE  MJ,  10-32  THREAD. 

©  MATERIAL:  ALUMINUM  ALLOY,  2014-T6  (AMS4121). 

ALUMINUM  ALLOY,  2024-T4  (AMS 4037)  1/4  SIZE  ONLY. 

©  FINISH:  ANODIZE,  MIL  SPEC  Ml L-A-8625(ASG)  DYED  BLUE  AND  LUBRICATED. 

©  LOCKING  INSERT:  RED  FIBER 

RED  NYLON,  "ZYTEL"  101. 

r 

THREAD  SQUARENESS:  ESNA  SPEC  405,  GROUP  I. 

THREADS:  MIL  SPEC  MIL-S-7742. 

TOLERANCES:  UNLESS  OTHERWISE  SPECIFIED:  DECIMALS,  ±.015 
PERFORMANCE:  ESNA  SPEC  414. 

APPROVAL  STATUS:  PENDING  QUALIFICATION  UNDER  APPLICABLE  MS  STANDARD  DRAWINGS  BEING  COORDINATED 
BY  THE  SERVICES  AND  INDUSTRY,  APPROVAL  FOR  AIRCRAFT  USE  OF  TYPE  MJ  NUTS  AT  STEEL 
LOADS  MAY  BE  OBTAINED  FROM  EITHER  THE  BUREAU  OF  AERONAUTICS,  FOR  BUAER  CONTRACTS, 

OR  THE  AIR  MATERIEL  COMMAND,  FOR  AIR  FORCE  CONTRACTS. 

APPLICATION:  TYPE  MJ  HIGH  STRENGTH  ALUMINUM  ALLOY  NUTS  ARE  DESIGNED  TO  BE  USED  IN  PLACE  OF  STEEL 
NUTS  ON  125,000  PSI  STEEL  SCREWS  IN  ORDER  TO  EFFECT  AN  APPRECIABLE  WEIGHT  SAVING. 

(SEE  NOTE  1). 


ESNA  -  STANDARD 

ESNA  SPEC  414 

NUT  -  HEX,  MACHINE  SCREW, 

HIGH  STRENGTH  ALUMINUM  ALLOY 

MJ 


PAGE  I  OF  2 
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ISSUED.  13  APR  54  REVISED©  5  JAN  56 


MARK  ALUMINUM- ALLOY 
BOLTS  WITH  DOUBLE 
DASH 


D 


(GRIP,  NOMINAL  +E, 
NOMINAL)-  ±1/64 
“Tff*EAD  T 
SPECIFICATION 
MIL-S-7742 
—F  x  45° 


MARK  CORROSION-  — - 

RESISTANT  STEEL  BOLE 
WITH  DASH 


MARK  NON-CORROSION - 

RESISTANT  STEEL  BOLTS 
WITH  X 


DRILL  K  WHEN- 
SPECIFIED 


/gr 


V-  .010  ±.005  RADIOS 

•CHAMFER  15*  ON  BOTTOM 
FACE  TO  DIMENSION  H 
OPTIONAL 


^ DRILL  J  WHEN  SPECIFIED.  COTTER  PIN 
HOLE  CENTERLINE  SHALL  BE  WITHIN  .010 
INCH  OF  BOLT  CENTERLINE  FOR  5/16  DIA 
BOLTS  AND  SMALLER,  AND  WITHIN  .015 
INCH  FOR  3/8  DIA  BOLTS  AND  LARGER. 
COTTER  PIN  HOLE  TO  BE  NORMAL  TO  BOLT 
CENTERLINE  WITOIN  2*. 


BASIC 
AN  PART 
'NO. 

THREAD 

T 

DIA 

REF 

REF 

DIA 

DRILL 
DIA 
+  .010 

DRILL 
DIA 
+  .010 

MAI 

ttIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MIN 

-.000 

-.000 

AN3 

NO.  1G-32  NF-3A 

rl09 

.106 

.377 

.365 

.430 

.141 

.109  17/64 

.047 

.015 

.359 

.070 

.046 

ANU 

1/4-20  UNF-3A 

.2 1,9 

.246 

.440 

.420 

.510 

.172 

.140  5/16 

.01,7 

.015 

.422 

.076 

.046 

AN5 

5/16-24  UNF-3A 

.312 

.309 

.502 

.490 

.500 

.20U 

.172  23/61: 

.063 

.031 

_ iML 

.076 

.070 

AN6 

3/8  -24  UNF-3A 

.374 

.371 

.565 

.553 

.650 

.235 

,203  7/16 

.063 

.031 

.547 

.106 

.070 

AN7 

7/16-20  UFF-3A 

.437 

.433 

.627 

_  .615 

.720 

.266 

.234  31/64 

.063 

,031 

.609 

.106 

.070 

AN0 

1/2  -20  UNF-3A 

A  99 

.1,95 

.752 

.740 

.870 

.297 

.265  39/61, 

.063 

.031 

.734 

.106 

.070 

AN9 

9/16-10  UNF-3A 

.562 

.558 

.877 

*.865 

1.010 

.320 

.296  21/32 

.070 

.046 

.859 

.141 

.070 

AN10 

5/8" -10  UNF-3A 

.624 

.620 

.940 

.928 

1.090 

.360 

.328  b7/61i 

.070 

.046 

.922 

.141 

.070 

AN12 

3 A  -16  UW-3A 

•  .7U9 

.7U, 

1.066 

1.053 

1.230 

.422 

.390  7/8 

.078 

.046 

1-0U7 

•no. 

,070.. 

AN1U 

7/8  -1 h  UW-3A 

-87U 

.069 

1.253 

1.240 

i.44o 

A85 

.1,53  63/6U 

.094 

.062 

1.23b 

.141 

.070 

AN16 

1  -A  NF-3A 

*999 

.993 

l.bbl 

1.428 

1.660 

.547 

.515  1-3/32 

.094 

.062 

1.1,22 

.141 

.070 

AN18 

1-1/0  -12  UNF-3A 

1.12b 

1.118 

1.620 

1.615 

1.800 

.610 

.578  1-3/16 

.110 

.078 

1.609 

.141 

.070 

AN  20 

1-1/4  -12  UNF-3A 

1.21,9 

1.21)3 

1.815 

1.002 

2.090 

.672 

.640  1-3/8 

.110 

.078 

1.796 

.141 

.070 

( ^  SEE- SHEET  3  FOR  NOTES  (a)  AND  (b). 

Cb)  (c)  THE  DIAMETER  OF  THE  WASHER  FACE  SHALL  NOT  EXCEED  THE  ACTUAL  WIDTH  ACROSS  FLATS. 


MATERIAL:  NON-CORROSION-REStSTANT  STEEL,  CORROSION-RESISTANT  STEEL  OR  ALUMINUM  ALLOY.  SEE  PROCUREMENT  SPECIFICATION. 

FINISH:  ““"SEE  PROCUREMENT  SPECIFICATION. 

ADD  C  BEFORE  DASH  NUMBER  FOR  CORROSION-RESISTANT  STEEL  BOLT. 

ADD  DD  BEFORE  DASH  NUMB®  FOR  ALUMINUM-ALLOY  BOLT. 

ADD  A  AFTER  DASH  NUMBER  FOR  UNDRILLED  BOLT.  SEE  ILLUSTRATION. 

ADD  H  BEFORE  DASH  NUMBER  FOR  BOLT  WITH  DRILLED  HEAD  AND  SHANK.  *SE£  ILLUSTRATION. 

ADD  H  BEFORE  DASH  NUMBER  AND  A  AFTER  DASH  NUMBER  FOR  BOLT  WITH  DRILLED  HEAD  ONLY.  SEE  ILLUSTRATION. 

EXAMPLES  OF  PART  NUMBERS: 

AN6-10  -  3/8  NON-CORROSION- RESISTANT  STEEL  BOLT  1-5/64  LONG,  7/16  GRIP  WITH  DRILLED  SHANK  ONLY.  SfeE  ILLUSTRATION. 

AN6C10  -  3/8  CORROSION-RESISTANT  STEEL  BOLT  1-5/64  LONG,  7/l6  GRIP  WITH  DRILLED  SHANK  ONLY.  SEE  ILLUSTRATION. 

AN6DD10  *=  3/0  ALUMINUM- ALLOY  BOLT  1-5/64  LONG,  7/16  GRIP  WITH  DRILLED  SHANK  ONLY.  SEE  ILLUSTRATION. 

AN6DD10A  «  3/8  ALUMINUM- ALLOY  BOLT  1-5/64  LONG,  7/16  GRIP,  UNDRILLED  SHANK  AND  HEAD.  SEE  ILLUSTRATION. 

AN6DDH10  -  3/8  ALUMINUM- ALLOY  BOLT  1-5M  LONG,  ?A6  GRIP  WITH  DRILLED  HEAD  AND  SHANK.  SEE  ILLUSTRATION. 

AN6DDH10A  -  3/8  ALUMINUM- ALLOY  BOLT  1-5/64  LONG,  7/16  GRIP  WITH  DRILLED  HEAD  ONLY.  SEE  ILLUSTRATION, 


BOTH  HEAD  AND  SHANK  DRILLED 


HEAD  ONLY  DRILLED 


SHANK  ONLY  DRILLED 


ILLUSTRATION  OF  DRILLED  AND  UNDRILLED  BOLTS  AND  PART  NUMBERS 

(T)  BOLTS  SHALL  BE  FREE  FROM  ALL  HANGING  BURRS  AND  SLIVERS  WHICH  MIGHT  BECOME  DISLODGED  UNDER  USAGE.  COUNTERSINKING  OF  DRILLED 
HOLES  IN  HEAD  IS  MANDATORY.  COUNTERSIHflNG  OF  DRILLED  HOLES  IN  SHANK  IS  OPTIONAL. 

DIMENSIONS  'IN  INCHES.  UNLESS  OTHERWISE  SPECIFIED,  TOLERANCES:  DECIMALS  ±.010,  ANGLES  ±5°.  ' 


PROCUREMENT 

SPECIFICATION 

AIR  FORCE-NAVY  AERONAUTICAL  STANDARD 

MIL-B-6012 

BOLT  -  MACHI NE ,  Al  RCR AFT 

OPO  021257 

WAoc  Tje  57-330 


~  AN3  THRU  AN 20 

SHEET  1  OF  4 

SUPERSEDES  FORMER  ANA  STANDARD  AND 
AIR  FORCE  AND  NAVY  STANDARD  ISSUES 
OF  AN3  THROUGH  AN20. 


APPROVEO  10  Hay  U  3  REVISED  (4J  20  Jan  2 


MARK  WITH  H.  TO  DESIGNATE  HIGH- 
TEMPERATURE  NUTS.  POSITION 
OPTIONAL 


DS  \-r~i 


-WASHER  FACE  OPTIONAL 


if 

mil 

ljfji 

a*  s-- 

jS^j 

lip] 

j]]]l 

III 

llll* 


m 

mi 


-I3 Si} 

m 


I?  it 

iin* 

l|i| |1 

ilu 


-SHAPE  OF  TOP  OPTIONAL 


FD\E  THREAD 


DASH  NUMBERS 

(IT©- 

COR  RES 
STEEL 

STEEL 

COPPER 
BASE  ALLOY 

TAP  T 

A 

+.016 

+.002 

-.010 

C1032 

1032 

B1032 

NO.  10-32  NF-3 

.231* 

.375 

CU28 

1*28 

Bi*28 

1/1*'  -28  NF-3 

.312 

.1*38 

C521* 

521* 

.  B521* 

5/16-21*  NF-3 

.31*1* 

.500 

C62i* 

621* 

B621* 

3/8  -21*  NF-3 

.1*53 

.563 

C720 

720 

B720 

7/16-20  NF-3 

.1*53 

.625 

C820 

820 

B820 

1/2  -20  NF-3 

.59 1* 

.750 

C918 

918' 

B9l8 

9/16-18  NF-3 

.688 

.875 

C1018 

1018 

,  B1018 

5/8  -18  NF-3 

.750 

.938 

C1216 

1216 

B1216 

3/1*  -16  NF-3 

.875 

1.063 

COARSE  THREAD 
0632  ~ 

^  C832 _ 

^-•ftiQgi*  _ : 

Cl*20 

C518  I  1 
C6l6  _ _ 

C711* _ 

C813 _ 

C913 


632 

B632 

No.  6-32  NC-2: 

.172 

.312 

832 

B832 

No.  8-32  NC-2 

.231* 

•3U* 

1021* 

B1021* 

No.  10-21*  NC-2 

'  .231* 

^-27$’ 

J*20 

Bi*20 

1/1*  -20  NC-3 

.1*38 

518" 

^  B518 

3/16-18  Ufr-7" 

"  .31*1* 

.500 

6l6 

NC-3 

.1*53 

.563 

71ii 

B71U  J> 

•0/16-11*  NC-3 

.1*53 

.623 

813 

l72^-i^NC-3 

.591* 

.750 

B913 

9/16-12  n5^ 

^  .688 

.875 

1011 

B1011 

5/8  -11  NC-3 

.  .938 

1210 

B1210 

3/1*  -10  NC-3 

.875 

MINIMUM  A  NOT  SPECIFIED.  LIMITED  ONLY  BY  STRENGTH  REQUIREMENT  OF  SPECIFICATION. 

DASH  NOS.  C1021*  THRU  C1210,  1021*  THRU '1210,  AND  B1021*  THRU  B1210  FOR  COARSE  THREAD 
NUTS  INACTIVE  FOR  DESIGN  AFTER  li*  APRIL  19l*9. 

FOR  DEFINITION  AND  APPLICATION  OF  DRAWING  STATUS  NOTE  SEE  ANA  BULLETIN  NO.  337. 

EXAMPLES  OF  PART  NUMBERS:  AN363-1*28  =  l/l*-28  STEEL  NUT. 

AN363B632  =  NO.  6-32  COPPER  BASE  ALLOY  NUT. 

AN363CL28  =  l/U-28  CORROSION  RESISTING  STEEL  NUT. 

D  [MENS IONS  IN  INCHES. 

FOR  INSTALLATION  INSTRUCTIONS  SEE  DRAWING  AND10068. 


FfVOCUIIIMKNT 

•KCIPICATION 

AU-N-10 


AIR  FORCE-  NAVY  AERONAUTICAL  STANDARD 

©  NUT  -  SELF  LOCKING,  550°F 


AN363 


SUPERSEDES  USAF  DRAWING  363 

3PO  813495 


WADC  TR  SI -330 


13  Jul  U5  MCVWgpCO  27  Sep  {£)  lU  Apr  k9 


THREAD  T,  SPECIFICATION  . 
AN-S-126.CSINK  110° 

TO  OD  OF  THREADS 


ROUND  OR  SQUARE  BOTTOM 
CASTELLATION  OPTIONAL 


Ll 

©Jl 


3  rad — 1  Lr  raj) 
72 


-  CHAMFER  ON  BOTTOM  FACE  15*  TO 
DIMENSION  A  OPTIONAL 


ULTIMATE  TENSILE  STRENGTH 
MINIMUM,  POUNDS 


AN 3 10-  k 


AN310-  6 


AN310-16 


NO.  10-32NF-3 


1/li  -28NF-3 
5/l6^UNF-3 
3/8  -3UNF-3 
7/16-2 ONF-3 
1/2  -2 ONF-3 
9/l6-10NF^3 
5/8  -18NF-3 
3/U  -16NF-3 
7/8  -1UNF-3 


1-1/8  -12NF-3 


AN3 10-20  I'  1-lA  -12NF- 


OD-.010 
I  to'*" *002 
»y8-,010 
^n+.002 


.563+’°°2 
_  -.010 


,110  3/3 2 
.125  3/32 
.172  3/32 

.218  3/32 
.265  3/32 
.359  1/8 
.390  5/32 
.U68  5/32 
.562  3/16 
.656  3/16 
.750  3/16 
,8Ui  1  Ai 
.938  1/U 


(a)  FOR  AL  ALLOT  NUTS  LARGER  THAN  -5  SIZE,  TOLERANCES  ON  A  MAT  CONFORM  TO  APPLICABLE  MATERIAL  SPECIFICATIONS  FOR  BAR  AND  ROD. 

MATERIAL:  STEEL,  AL  ALLOT  AND  CORROSION  RESISTING  STEEL.  SEE  PROCUREMENT  SPECIFICATION. 

FINISH:  SEE  FRXUREM5NT  SPECIFICATION. 

ADD  D  BEFORE  DASH  NUMBER  FCR  AL  ALLOT  NUTS. 

ADD  C  BEFORE  DASH  NUMBER  FOR  CORROSION  RESISTING  STEEL  NUTS. 

EXAMPLES  OF  PART  NOS.:  AN310-5  *  STEEL  NUT,  5/16-2UNF-3. 

AN31QD5  *  AL  ALLOT  NUT,  S/l6-21iNF-3 . 

AN31X5  =  CORROSION  RESISTING  STEEL  NUT,  5 /l6-2 UN F-3 . 

REMOVE  ALL  BURRS. 

DIMENSIONS  IN  INCHES.  UNLESS  0THHIWIS8  SPECIFIED,  TOLERANCES:  FRACTIONS  ±l/6U,  DECIMALS  ±.010,  ANGLES  ±1* 


OTBCIFICATION 


AIR  FORCE- NAVY  AERONAUTICAL  STANOARO 


®  NUT- CASTELLATED,  AIRFRAME 


AN3I0 


GPU  BZTS97 

WVAdc  TfZ  Sl'l'io 


SUPERSEDES  FORMER  USAF  AND  NAVY 
STANDARD  ISSUES  OF  AN310 


Jul  45  REVISED  (l)  4  Mar  44  (g)  25  May  44  (Y)  51  Ifcr  49 


APPENDIX  II 


HARDNESS  &  SURFACE  FINISH 
TEST  DATA 
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— -DAT/Q  - 

i?  SC/&r/?C£  /W/S/S 

/.AJt/75  /Zte/V/£H£0  ey/.0C£M££O  /?//eC&7fr  CoeFt  f  3a£M/G  sQ/£ CdVrt&QJe/SOA/. 


MS 

Code  K! g  -  ■—  - 

4 A/  Stp.  U*  MS  20004-42 


—DATA  SHEET- - 

Ha&dnesb  £  Surface  Finish 
MS _ Series  8olj 


KiuT  f^/e-  £B-o4a 
Spaced  Mg-  <r 


F?OC.k:  WEL  L  C  So-}  LE  ,  iSo  k^3.  UdAO 


Supfacs  Finish  (FSM-S.) 


Item  [Spec. 
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Spacer  I -Be  Average  PA/I.S.  2o,t  See  Page 


Sracb  e  l- Be  W) Average  IP  MS.  20.  /  See  Paste- 


Note : 

<>)  fpEA&lMS  Co&?ECfEO  lo  PieoFtLOME'pER  CAUBRA V^Af , 
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DATA 

SHEET- - 

; 

HARDNESS 

Surface  Finish 

/^S 

Series  &X7 

C^ce  AJ*_ 

a 

Klur  Me- 

7W  Sra  A/* 

MS  2000 S-SO 

Sra<te;?  Ms-  /Z)-  2Ap 

PbcjCW&LL  ScAiLiS  ,  1^0  £<5.  LOAD 

I  I  Spec.  Nri  \-T 


3oL.f 


Nu  j 


SpAc^e  I  |  6>s 


S>P*A,<zGf£  Zv?c  64 


/\^S^A<SG 


42 

44 
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ZZ 

22 

44 

S3 
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ZS 
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/4 

75 
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/5 
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2/ 
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-DATA  SHEET 


Hardness  £  Surface  Finish 
MS _ Seeies  3olj 

Cooe  N* _ Q. _  KJut  fja- 

AN  Sra  A /gvj££  20006-50  Space*?  Mgi  2 -3c  £  2-3 
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36 

4/ 

77 
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63 

5 

3/ 

3/ 

62 
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1 

/2 
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27 

■ 

2 

/7 

/5* 

32 

3 

/O 

// 

27 

SO 
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6S 
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6£ 

65 
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6£ 
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(0  Feaoing  Cos&ecjeo  To  PeoFdoMejiet?  Caubravoa/. 
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— DATA  SHE  £T - 

Hardn ess  ^  Surface.  Finish 
/VS _ Series  Scx-t 


Code  H/*  j2 


STP.  20007260 


KlUT  Ug'  070 

Spacer  Mg'  ^ z-c 


Surface  Finis  A  ('fS-M-S.) 
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(0  Peach  mg  Co&etzCfFo  To  Pro  f=  ilo meter  Calibrator. 
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DATA  SHEET 


Hardness  £  Surface  Finish 


_ Series  Bolj 


Code  KJ9i  £ _  NJut  tJ-\  SB- 030 

AN  Sra  A/g^gs  20003-50  Space?  2-Dc  ^  2-a 
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Item  Sfec.KP 
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Z*°&~*OIKK i 
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1 
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/& 

n 

m 

2 

/4 

23 

3 
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/3 

23 

H 
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2 

& 

20 

3 
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(0 Average  JP.MS.  Zoj  See  Page 
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f  - -data  sheet- - 

Hardness  £  Surface  Finish 
Ms,  Series  Bolj 

Cooe  kJ°. _ <EL _  KJ  u  r  KJg-  Q9& 

AN  Srp.  kl2M5  20009^0  SFtoCEf?  Me  /7*V<g 


Hardnesb  :  F?oac  wa  i — j£Li  Sc^  l£  ,  I  So  Loao 


Sa*kC£&  I  /3  YOAveiPA&F  P.M>S.-ZO‘l  See  Pase 
Mcye : 
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- DATA 

SHEET - 

Hardness 

<j*  Surface  Finish 

MS 

Series  Bolt 

Code  kl°-  & 

kluT  kJS-  SS-/OB 

AM  Pm  KJS-MS  200AQ-SO 

Sf&CBe  fJ«  20 1 2/ 

**  > ' 

Hardness:  PdcrvJ£ll..j£  Scazle  ,  kja.  Load 

iTe-fw  \Sfj&zN0\l£rE£AD>K&  2*&1&ap>ik/<s  i  Total.  A^t *ca«w? 
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I®-  Fading 
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30 
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23 
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/& 

/<? 
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0 Average  &MS.-  2&.f  See  Page 


27.3 


(0  Peading  Corrected  To  Pro pilomejer  Caubrav&m  > 
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- DATA 

SHEET - 

HARDNESS 

£  Surface  Finish 

MS 

Series  Bolt 

Cods  kl*‘ 

M 
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AM  Gm  US-MS  200/2-SO 

Spaced  M2‘  22f24 
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it  \  \ 
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Surface  FiK/ishi  ( 6M.S.) 


Note  j 

< i)  Feaoimg  Co&?ecjeu>  lb  PgoFiLOMejeR  Ca/./BRaPoa/. 
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- -DATA  SHEET- - 

Hardness  Surface  Finish 
MS _ Series  Bolj 

Code  -  £. _  KJut  fjg-, 

AN  Std.  hJ3M$  200/4-G0  Spacer  M°  zsf  27 
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(0  Peaoing  Corrected  lb  Props  lo  meter  Calibration  . 
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- -DATA  SHEET- - - 

Hacdness  £  Surface  Finish 

/US  Series  Bolt 
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S3SS33M 

23 

67  ^ 

67 

/ 34 

67 

i 

36 

S7 

;/3 

37 
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/7 

226 

Space  *2 , 

23 
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25? 
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(0  ^£AD/Ate  Coppecjeo  lo  PeoPtioMejTei?  Caubpavom. 
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- -DATA  SHEET- - 

Hardness  £  Surface  Finish 
_ MS _ Sekies  Bolj 
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Suszfacz  Fiuishi 
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More : 
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- -DATA  SHEET - 

Hardness  £  Surface  Finish 
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Spacsjz 

32 

53? 

ss 

//4 

37 

Spaced 

33  1 

39 

39 

//a 

S9 

Su zfac£  Fiuish'  ^M.S.) 
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&OL.~f 

1 

9 

// 
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- — -DATA  SHEET- - 

Hardness  £  Surface  Finish 

_ /*?s _ Series  3ocf 
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CO  Peach  mg  Corrected  lb  Pro  Ft  lowiejer  Calibrator. 
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- - DATA  SHEET- - 

Hardn ess  Surface  Finish 
MJL _ Series  6b<-f 

Cooe  _ CL _  KJut  K 

AN  STD.  W-MS-Z0O24-&O  SPACER  ^ 


KJut  *e-242 . 
Spacer  Mg’  3c*  £_ 37_ 
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- — DATA  SHEET- - - 
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'So? _ Series  3olj 
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- -DATA  SHEEJsr - 

Hardness  £  Surface  Finish 
5Q9_  Series  3olj 
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3Z 

34 

66 

:><: 

204 

34  1 
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43 

■BH 

2 
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43 
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22 
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22 
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63 

63 
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£3 
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63 
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63 
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/O 
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/2 
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/7 
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/9 
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•  3 

(v Average  PA/}.  S.  -Zo.f  See  Page 

Sf^cee 

4 

(0 Average  P.MS.-26-t  See  Pase 

A/oT-f : 

(0  Reading  Corrected  To  PeoFtioMEpEp  Caub(?avom  . 
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Cooe  Kl  *1 _ Q. _ _ 

AM  Std.  Kit  &22.  ’JM*  *L£1 


—DATA  SHEET- - 

Hardness  £  Surface.  Finish 
/?a/SoP _ Sekies  Qolj 

_  KJuT  AA/3&S-42S 

Spacer  KJt  iSJL&. 


Hardness  F&cjtz wel l  C.  Scale  ,  Load 


Surface  Fin/ is  hi  (FSM-S.) 
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mm 


/z 
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/e 

24 

n 
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mm 


Space  jr 
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- -DATA  SHEET- - 

Ha eDNEss  Surface  Fisjish 
77 a/  ^  op _ Series  3olj 

Code  £L. _  Mut  Ni— 1 

4A/  Sto  /Jg-  xu/ts<?.9-  Space#  Mg ■  7^a  _ 


//  * \  -  .  - 

HAgE  >MgSS  •  JC&C*  W6“L  I - ^  ...  Sc^>  Lfi  ,  kjS.  Lo/\& 


H3SSM 

Spec.  N/° 

1  l~T'QrAC>lU3i 
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l 

S* 
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7o 

x 
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70 

5 
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74o 

3S 
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1 

27 

27 
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26 

26 
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3 
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2<s> 
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cs 
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1 

76 
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2 

2/ 

77 

3 

79 
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/9 
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2 

zs 

24 

3 
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7 

(^Average  RM.SrZo-l  See  Page 

EESEBII 

& 
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A/org  : 

(0  PeaoiaJg  CopzecjFo  lo  PeoFtLOMeje#  Cali  bravo a/. 
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— -DATA  SHEET- - - 

Hardness  ^  Surface  Finish 
/?*/  *so9  Series  Bolt 

Cooe  U*:  S. _  Mur  Ma-  3 <2>s- &2  4 

AN  Sra  A7g- 3o<?-6>/4>  C4&  Spacer  Mg-  ?JlC2. 
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29 

29 

33 
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29 

Bt 

&& 
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3o 
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6/ 
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/4 

/3 
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2o 

24 

44 
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22 

24 
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2o 
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9 
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33 

//9 

_ C* 0 
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/o 
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Surface  FiuisN  {IBM'S.) 


Nojs  : 

(0  (Leaping  Co&ztzGjeo  To  PeoFtLOMEjme  Calibrator . 
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—DATA  SHEET- - 

Hardness  £  Surface  Finish 
#aJ_  so  9 _ Series  3olj 


Code  kJQ:  ZL _  KJut  M s-  #aj 3b£- 7Z& 

M‘  Std.  <50?- 7/6  £43  Spacer  M«- 


,  *»  >i  ^ 

jmm£3lmImS& :  Z&CJtWCLl - £_Sc^Lg,  /^O  kj3.  LOAD 


■3S8BI 

Spec.  W* 

l$TEkrADi'J& 

...  rvw— f . 

Tojal. 

A'^'&cA'se- 

Bol-7 

1 

3  o 

za 

58 

x 

2 

Z9 

29 

a 8 

5 

29 

So 

s9 

TxT 

775 

29 

Nuj 

1 

2b 

29 

Ki 

2 

ze 

3/ 

^EgM 

3 

za 

2£> 

<54 

^><1 

/4>a 

Z5 

// 

<23 

<62 

725 

StFHACZSR. 

/Z 

bZ 

6$ 

725 

62. 5^ 

Su&facs  Fin/ isP  CS_MiSj. 


X  TEM 

§321 

1^  (3zapins 

2Z0&?aoin<z 

' 'Av&ga&e 

*lAve?.x  733 

&OL.J' 

i 

22 

32 

h 

IB 

2 

4S 

43 

3 

60 

43 

^>-<T 

^XT 

4/ 7 

m^QH 

Kluj 

/ 

23 

^  2<s  1 

n 

^8 

2 

25 

za 

3 

22 

/7 

TxT  CX: 

23.3  \ 

3/.  7 

// 

RM.S.  - Z&J  See  Page 

S&ACGR 

/2 

Average  PMS.-Zb./  See  Page 

A/c  te  : 

(0  Leaping  Copezcjeo  To  Prof  home  Calibrator. 


61 


wm>c  Tl?  S7 -  330 


- -DATA  SHEET- - 

Hardness  £  Surface  Finish 

Se eiEs  Bolj 

Cooe  JL/°  ...  C/  .  _  KJur  tJ-  3&S-S2Q 

AM  Std.  A/gygv££g e49  Spaced  Mc_Z££l^£__ 


S ufZFAca  FiKiishi  (i SM-S.) 


AJcre  ■ 

<0  Peach  mg  CopRecje o  lb  PeoPiioMejeiz  Calibration. 


CS 


WAVC  71?  ST  33o 


- -DATA  SHJLMIz - 

Hardness  <£  Surface  Fikiish 
/$a/  Sop  SeeiEs  Bolj 

Code  kl°:  )Z. _ _  Mut  Nig:  ^  36 

4A/  Std  A/g  m £££.  - ^  ^5^  Space#  \/g  ssf  /&> 


HAjggjUg^  •  £bc* well j£Ll'Sc^i.g,  /5o  k^,  Lq>ao 


■35591 

Sf^&c.  N° 

/ -T  £feACnU3 

2*&&APiMCt 

TcDJjAU 

/^vl3* CA<SO 

Bol_7 

n 

'  33 

3S 

6>& 

x 

S3 

32 

as 

67 

E5 

3S 

67 

202 

3« 

Nuj 

1 

/S 

/6 

5/ 

■ 

2 

/ 9 

20 

39 

3 

/7 

/<& 

53 

A*  3 

✓  7  ] 

&3S333 e 

/S 

63 

64 

/^7 

64 

Spaced 

/Cp 

46 

£/ 

97 

49 

Su&FAce  ElhLL^tL  ^M.S.) 


A/or^ : 

(0  Peadimg  Corrected  To  P#opiloaaeje#  Calibration* 


kVADC  51- i^O 


69 


— — DATA  SHEET- - 

Hardness  £  Subface  Finish 
//tj-scx? _ Seeies  Bolj 

Cooe  U»i  t* _  KJut  M-.  4j*LZS£2. 

AH  Sfa  us  M  so?  e e 37  Space?  Mg  ■/^-? 

HAggfJESS;  LL  C  Sg^Lg  .  LoAO 


Su&FAce  Fiuishi  flSM.-S.) 


A/cte  ■ 

(0  PeA&\MG  CopREC JEO  To  PieoFlLOME-pei?  C/\L>BfZAVO,\t > 


wtfDc  tR  £.1-550 


7(9 


- - DATA  SHEEX — — 

Hardness  £  Surface  Finish 

_ Series  Bolt 

Code  _  Mur  M4#j--o2 

M  Std  m£iL£32J&2MZ  Spxee  Mg  3f  4 


Surface  Fiutsh-i  ft?. M  S.) 


K/cje  : 

(0  PeA&ING  CoP&ECJt TD  lo  Peo FtLOMEjet?  Cau BRAjtO. At . 


H/ADC  T(?  57-330 


71 


- — -DATA  SHEET- - 

Ha eDN ess  £  Surface  Finish 
sQaj  so<? _ Series  3olj 

Code  U*: _ V _ _  Mut  Kl&  aJMJ--o<ts 

A  A/  Stp  A 1*jW&2Z  £22  Sf^cee 


HmSStim^L,  - £L .Sc^Lg,  j^Q.  Lo'AC? 


IffrN'V 

\-rQcADiKXS 

Total. 

Aus?£:A<se 

B0L.7 

\ 

34 

35 

69 

2 

34 

34 

63 

3 

33 

33 

66. 

'7x^ 

Z0  3 

34 

Nuj 

1 

/o 

9 

/9 

"X 

2 

// 

/o 

2/ 

3 

9 

9 

/a 

"7><C 

S3 

/o 

S 

63 

63 

/24 

63 

'S/PACLe^ 

6> 

63 

64 

/Z  7 

64 

Sue^Acg  Em^H  QcLMl~l1 


IjEM 
&OL.f 

hluj 

Space  r 
Sa*kc&& 


1^"  Qsaoino 

Z~°pEAOiKKS, 

<!  Av&kage 

X  /33 

1 

/Z  ^ 

/o 

>< 

x 

2 

// 

/4 

3 

/<£ 

'/a 

/35 

'  /a 

1 

/& 

a 

X 

a 

^ 

//.  7 

Z 

7 

9 

3 

/& 

9 

5  "" 

(^Average  PM  5.-  2o./ 

See  £Xc*£ 

<v Average  PMS.-ZbJ  See  Page 

Mgte  ' 

CO  F?eac?\mg  Corzecjeo  To  Pro fsl  o m ejer  Calibration. 


V/ADC  71?  S7  3*3 


72 


—DATA  SHEET- - 

Hardness  £  Surface  Fikiish 
_ Series  3olj 


Code  Kl *1  Sz£ _ 

A  A/  Std.  A7g‘  3c,  -  £o 


KJut  Kl-  z?a/b6b  c /cp 3 z 
Spacer  Mg-.  $ Z-IASL 


|3-‘  ^o:wcli — SodLg  ,  _i^g_kja.  Load 


gw 

Spec.  N/® 

l^r  S^ADifJcS 

Total. 

A's&ZA'se 

B0L.7- 

1 

■m 

BO 

za 

53 

BS 

29 

30 

59 

5 

Z9 

30 

39 

^><c 

/  7  6> 

29 

» 

2C 

23 

43 

x 

Nuj 

/<? 

24 

43 

3 

25 

zo 

3/ 

/37 

/2  3  1 

J&233BM 

/-7?c 

65 

65 

730 

63 

E53B31 

65 

65  /BO 

6S 

Surface  Fik/isa  ( E?  M.  S. ) 


/Voyf  : 

<0  F/eADIMj  CoRRECJEO  lb  PRO  FILOMSJWR  C/\U BRAVOA/ . 


jvAOC  TTC  £>7-330 


73 


- -DATA  SHEEJ_ - - 

Hardness  £  Surface  Finish 

#AJ_ _ Series  Bolt 

Cooe  M°v  _  K)ut  c4ze 

M  Sra  M*£*L££J££-.  Spaced  Mg'  (2l  ^.^L£ — 


HAgP^E^>  :  )5bagWgl.L  _j£L_Sc^LE  ^  Loao 


Li  ali 

Spec..  N9 

|£r-  EtApiud 

r-= - 2 - 1 

2*dP&&pHK/G 

Tdtal 

A'S'&cA<se  | 

B0L.7 

n|| 

34 

35 

wmsm 

n 

mqi 

3Z 

3S 

BIS 

is 

3S 

35 

74 

|| 

^>cT 

204 

34  | 

Muf 

1 

.30 

Z3 

S3  n 

2 

27 

Z4> 

53  1 

3 

24 

Z4 

52 

^xl 

743 

Z7 

S&AC&J2. 

h3c 

&s 

73o 

4S 

S  F>A<zefZ 

7-Bc 

44 

^>4 

/Z8 

44 

Sumacs  Fimshi  ("7?  M.  S. ) 


MS3SM 

5FEC.M9 

I®-  £fcACWM<5 

2&13wiv*. 

^/4ve>e*<«r 

£aS2DB§9i 

&OL-J 

1 

72 

73 

H 

n 

2 

73 

77 

3 

70 

7 

7/3 

/57  | 

, 

Muy 

_ . _ J 

1 

77 

/^> 

H 

■ 

2 

20 

20 

3 

75  1 

27 

^5V 

24. 7 

■stsajda 

7 -Be 

RM.Sr  2o*f  See  Page  _ 

vS/^ce^ 

/-Be 

(OAve&aqe  gM-SrZO't  See  Pace 

Mars  5 

(0  Peaoing  Copzecjfo  lb  PeoFitoMejeR  Calibrator/ . 


wadc  tr  51-&>o 


74 


- -DATA  SHEET- - 

Hardness  £  Surface  Finish 
a? a/ _ Series  8olj 

Code  KJ°:  £_£ _  KJut  i/g- 

AN  Sto  NLSAL££^I£  Spaces?  HbJ2L.  Z£-S 


''  ^Qg  WgLL-^_Sc^Lg  ,  =2===J^±  t-OAD 


K8SM 

T&T'AN 

0oi_7 

i 

36 

r~T?7~’~ 

73 

34 

33 

67 

5 

33 

3Z 

&S 

203 

34 

Mu  7 

^nj 

3Z 

32 

WKFFMM 

z<? 

23 

KgS 

5 

3/ 

3/ 

BzS 

^><7 

/^3 

3/ 

2-#c 

<2rS 

6S 

6£ 

S/racc^  ;2->?c 

64 

63 

/3o 

6£ 

Surface  Fin/ is  hi  ( S'-  M.  S. ) 


A/o7~f : 

(0  PeadiNg  Corrected  lb  Pizof  no  metes?  Cau&Ravoa/. 


IVAOC  TR  57-330 


75 


- -DATA  SHfULLr- — 

Hardness  £  Surface  Finish 

Series  3olj 

Code  U*:  QiO. _  KIut  KJs-  /?aJ3g>3C-<2z4 

M  Std.  bJs-/?A/6c-  36  Spaces  Me  zbc£z& 


f*  \  4  — 0 

F&CKWETIM  C_  Sc^Lg  ,  L&A& 


IjE-K^. 

Spec. 

l^T- IS£aDi/J& 

2<4PF&Acxk/<* 

Total 

/\v'OICA<SE 

■nB 

3/ 

34 

<05 

jj 

OOLTf 

■S 

34 

35 

■KQ ■ 

1  JS  1 

MraB 

32 

33 

■^H 

/99 

53 

gg 

BE3HH 

55 

\ 

Nuj 

gg 

bee 

54 

\T 

— 

3 

53 

\ 

xT  \ 

/07 

za 

mssasm 

2-Bc. 

<24 

<25 

A2? 

SpAc^e 

2-3 

<25 

05 

/  30 

<25 

Sue FAcrg  Fik/is^  CSMl  $•) 


Item 

SfzcM* 

SkAUIbJO 

2-0l3s-A<01KtG 

<Av&&A&£ 

(/)Ave.x  133 

&OL3f 

l 

2/ 

24 

H 

■ 

2 

24 

25 

•  3 

/a 

20 

TxcT 

22 

243  | 

Kluj 

/ 

/e 

20 

m 

EB 

'  2 

22 

25 

[  3 

/a 

7<2> 

/<?.  3 

257 

S  RACE R 

2'6c 

pA/l,S.-2o./  See  Rage 

Spaces 

2-3 

ft) Average  RM  S  - 20-/  See  Page 

Note- 

CO  Reaping  Coppecjep  To  Pbofiio mejws  Calibrator. 
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fVADC  7>?  57-330 


—DATA  SHEET- - 

Hardness  £  Surface  Finish 
/W _ Seeies  Bolj 


Code  U*:  £i£ 


Ah/  Sto.  hi*  /?/s  7C-36 


KiUT  l/g-  &AS363C-  720 

Spaced  hJ g~  ?  £ sJlJL  £. 


HE3S891 

Spec.  N° 

|  J  EVADING 

A/<? 

Total. 

A'A £25C/A<S?fi- 

Boi_7 

mam 

m/eram | 

35 

69 

x 

warn 

Hi 

36 

7/ 

3 

34 

35 

69 

txi 

209 

35 

Nl>j 

1 

2a 

23 

56 

\ 

2 

zs 

26 

5/ 

3 

23 

27 

55 

r‘^7>-<CC~ 

S62 

£7 

Sp^css. 

63 

64 

S27 

64 

ztgd 

64 

65 

S29 

<65 

Subfacs  Fin/isz  flS.M.S.) 


i^32i 

&SAWINO 

2-°P£a,oin<s 

Wve.x  /  33 

&oi~t 

/ 

35 

45 

H 

m 

2 

]  /9 

74 

3 

'  /3 

/6 

7><7 

Z3.6 

3/4 

Kluj 

1 

9 

// 

H 

Hi 

2 

20 

/7 

3 

/4 

/6 

^><C! 

Hxd 

/4.S 

/<2  3 

jsfSBBEH 

1FZ 

^Mv^/8a<j£  PM. Sr  20./  See  Page 

SP*\CEI2 

2-Cc. 

WAve/PAGE  iP./A  S.-ZOJ  See  Pace 

More' 

(0  Peaping  Cozzecjeo  lo  Ppo  filomejer  Caubravoa/. 


tVAOC  TR  51-330 


77 


- - DATA  SH^Lr- — 

Hardness  £  Surface  Finish 
_ _ Series  Bolt 

Code  KJ9i  Eo£.  KJut  Ms: apn  3^>3<c-3zo 

AM  Std.  M%^LSC3j__  Spacer  Mg'  ^Oc_^2jO 


**  S  \  — 

Ha^JE^S  :  £bcg  WgLL  Sc^Lg  ,  LoAQ 


[hzssshi 

Sf’&z.N0 

l-T/6fe\oios 

p-  ■■  7  - 

Z^^API, k/G 

—  ■  _  rs^dT.  U— 'w>V'- 

Total 

Bol-7 

_ J 

\ 

29 

30 

39 

2 

3/ 

32 

(23 

5 

3/  [  3/ 

&Z 

1X1 

JXT 

(34 

3/ 

Muf 

_  L.J 

2 

5 

3/ 

33 

6>4 

1  _  -H 

32 

&4 

/28 

<24 

Spao?-? 

2-Z?  | 

^3 

<^3  /2^ 

(23 

Surface  Finish  ^gM.S.) 

f  -  T.arv  ■■■■■■  .  n  .  >  ■  ■  - 


Item 

SpscKF 

\&  &AOINO 

2-°€feA.Dt>>j<s 

<jAv&SA&£ 

fAve.  x  /  33 

Bcn-7~ 

1 

/3 

/7 

n 

m 

2 

/2 

/3 

3 

/&> 

_ ^ _ 1 

/4.S 

/&  3  1 

N/uj 

1 

H 

■ 

2 

r  ir 

Zo 

/<£ 

73 

239 

Space  & 

2-0 a 

^vs£-/3A<Ff  PM.S.-20*/  See  Page 

S&Acet? 

WSEMk 

0>Ave&Aoe  &MS.-20J  See  Pace 

Mare : 

(0  F?eadia*5  Corrected  To  Pro  puomejer  Calibration* 


WAOC  re  £7-330 


7a 


- — -DATA  SHEET — — 

Hardness  £  Surface  Finish 
4a/ _ ^Series  8olj 

Code  kJ^i  C_^G _  NJuT  fJ  — '  4a/  3  4?  3  C - 

4 A/  Std  hi2' 4*/  9c-  37  Spacer  Mg  /7  ^  /<3 _ 


//  _  O 


HARDNESS: :  &OCKV/ ELL-Ci  SodLg  .  1^=0  &5.  b&AO 


SPACgg  /7  37 _ /// _ ,Sfr 

SPAcgg  /<g  5~<? _ _ 


S u&FAce  Fin isP  M  S.) 


Mote  : 

(0  Feao\Ng  Corrected  To  Peo pilomejwr  Calibration  . 


U/AOC  TR  57-330 


79 


- -DATA  SHEET- - 

Hardness  £  Surface  Finish 
CCL _ Series  Bolj 

Code  kl°i  CLJ±  NJut  LlQ:  /i/J363C/o/<s> 

AN  Std.  U2-  /paz/oc-37  Spacer  Kfc\./rf2*  ,  , 


Hardness  ••  Jcbc^ wffL j _ C  Soalb  .  l5o  ^a.  Load 

- - - - - i - * - i - 1 - 


[■3S9N 

Srec.N* 

1  l^r-0hu>iW3i 

2^PF3tAP 

Total 

A's&x?A<se 

0ol-7 

pfnni 

3S 

?£> 

1 

3S 

69 

5 

33 

70 

209 

35“ 

Nuj 

1 

-Z<£ 

^  Z6 

wK&jKMk 

■ 

2 

,23  1 

23 

■K2H 

3 

79 

/ 9 

736 

-23  1 

Spavcsr 

/<? 

6Z 

<2/ 

723 

62 

SFiACSfZ 

zo  \ 

57 

S3 

7/S 

se 

[&  &£AL>ING 

2&&Z o;ms 

- - - 

7/  ' 

70 

9 

73 

70 

HH 


76 

77  1 

77 

79 

/<£ 

22 

Ave/sage  PM. 5.  -20./  See  Page 


'0 Average  PMS.-Zo./  See  Page 


23.7 


Noje  : 

(0  Peadimg  CopeecfFO  To  Pro filomejer  Calibrator. 


*WDC  ri£  57-330 


<90 


- -DATA  SHEET- -  • 

Hardness  £  Surface  Finish 

' _ Series  Bolj 

Cooe  kl*-  IzJL _  KIut  9a/323C-/2/<2 

AM  Std.  U2‘  ^aJ/2C4J  Spacer  Mg  -El  £  73 


**  \ '  ^ 

JcbggwgLL  Q.  Sq^le  ■>  kjs.  Load 


I  JErt^\. 

Snec.N/3 

l-T-  E&ADIO& 

2*±°FfeAP»*J<S 

JSjau 

/IvSSSOA^E 

BOL.7 

m 

32 

32 

<24 

X  _ ^ 

IS 

3/ 

30 

L._ 

<2/ 

H 

32 

5*/ 

<23 

1 

_ 1 

/33 

3/ 

Nuj 

KB 

29 

29 

S 

30 

30 

<20 

3 

2S 

29 

57 

/->5 

29 

Ms'Jr£d.-4l 

,22 

6/ 

S7 

//<g 

BgfggBHgBi 

2^  1 

&0 

<2/ 

/2/ 

<2/ 

S UfSFACS  FlNIISbi  {PM- 3.) 


msssm 

fzkA&ING 

2-°Q&xoikks 

J222E3B1 

^Ave.  x  /33 

&OL-J' 

BBHI 

/ 3 

/ 3 

_x^ 

x 

2 

20 

/S 

3 

/3  j  /<* 

.  _ 

/4-7 

/9<2  ' 

N Juj 

/ 

/<* 

'7 

tX 

tx 

2 

/5 

20 

3 

_ 2L _ 1 

22 

• — * - 

/3J 

24-/ 

Space  & 

22 

w  Average  RM.S.-Z&J  See  Rage 

S&Acet? 

23 

(OAve&aqe  tPMS.~20'/  See  Pase 

Najs : 

<0  Pea&ing  Co&tecjEo  lo  PeoPuoMejwp  Caub<Z A7?£W. 


vvAdc  71?  57-330 


a/ 


——DATA  SHEET- - 

'  Harness  £  Surface  Finish 

jW_ _ Sekies  Bolj 

Cooe  JUL  KJut  W3/oc-  /<l 

M  Std.  Spacer;  N^JsJ_26 


^_  Sc^Lfi  ,  i^O  kjs. 


IjBrbs\. 

Spec.  N/® 

\\*rE3=AD>US 

2^A1&AP*iJ<5 

Tc>tal. 

AV4SCA<S& 

Bol-7 

■n 

32 

32 

64 

34 

64 

Hi 

&r 

32 

62 

7 90 

32 

Muj 

i 

3© 

3/ 

6/ 

x 

2 

3/ 

30 

6/ 

3 

29 

29 

SS 

y&o 

30  " 

EEE23I 

zs 

60 

39 

//9 

60 

S>F>A<cefZ 

26  \ 

59 

39 

//& 

S9 

S uppacb  EmsE  (^0  M.  S. ) 


Item 

Sfsc-KP 

\&  PkAOItJO 

— 

2-°J0fad/m5 

j2222E3HI 

7J^ve.y  733 

i  1 

2/ 

/9 

■ 

■ 

2 

/9 

2/ 

3 

7 9 

20 

^XT 

/9.3 

3 

hluj 

1 

2/ 

S3 

H 

■ 

2 

27 

22 

3 

23 

27 

XT !  X 

Z63 

33 

S  FACER 

W2zM 

''■Mv^/sa-sh  RAA.S.-2o-l  See  Page 

Spacer 

26 

Average  PMS.-Zo-/  See  Page 

Note  : 

(0  F?eao\mg  Cosppecjfo  lb  Pro  Ft  lo  ME-peR  Cau&ravom  . 


WAPC  7»  51-330 


a2 


- -DATA  SHEET- - 

Hardness  £  Surface.  Finish 

_ Series  8olj  _ 

Code  i/°-  /T- *r _  KJUT  k\°-  /? a/ 3/0  c-/<z> 

AM  Gm  'kl*M/6C-42  Spacer  hP-  za  4  z? 

/#  >  \  . 

fcbc/dWELi _ Sc^Lg  .  CZSLlCz.  Load 


Aw&CA<3& 


<S&> 


63 


64 


\~T-  SsADiUG 

32 

94 

&AU>lhJG 

2-°Pe-as2\kks, 

/6 

/& 

2S 

/a 

24 

2/ 

/a 

/a 

/2 

// 

/s 

23 

/S'.  9 


ZS  \(0 Average  PM. S.-20J  See  Page 


S&Aces?  |  29  YOAve/paoe  P.MSrZoJ  See  Pace 


2// 


A  fare  ■ 

CO  Peach  mg  Corrected  To  Pro  filomejeR  Calibration. 


WAVC  Vi  SI -330 


<33 


— -DATA  5HEET- - 

.  Hardness  £  Surface  Finish 
A>hJ_  Series  8olj 

Cooe  JL/°  <L-L _  KiuT  M oc-/& 

A  A/  Stp.  Spacer  hi&  t. 


ft  \  i 

HAgP^E^  :  fcbckzweu - £2—  Sc^ LE  ,  I  ^P_ kj5.  Load 
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